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Abstract—The reproductive performance of captive tiger shrimp (Penaeus monodon) is a crucial aspect of sustainable aquaculture. This 

study explores the potential of Cyperus spp. extract components (CE) to enhance the reproductive performance of captive tiger shrimp 

Penaeus monodon. Our methods involved feeding captive tiger shrimp Penaeus monodon with feed enriched with 0, 300, 400, and 500 

μg CE/g Body Weight (BW) over a 60-day rearing period. Eyestalk ablation was used as a positive control. Post-feeding experiments, 

we observed the shrimp for their reproductive performance. The results were promising: the male broodstock exhibited the highest 

molting percentage when fed with feed enriched with 400 μg CE/g BW, while females showed the highest molting percentage at 500 μg 

CE/g BW. The highest percentage of males carrying spermatophores and mating females was observed at 500 μg CE/g BW. Broodstock-

fed feed enriched with 500 μg CE/g BW produced 337,339 eggs with an average egg diameter of 289.5 μm, yielding 16,175 nauplii. The 

highest expression of vitellogenin and spermatogenesis was found in the 400-500 μg/g BW range. These findings suggest that the optimal 

dose of CE for promoting gonadal maturation in captive shrimp broodstock is 400-500 μg/g BW. The potential of this study to increase 

larval production in aquaculture practices is significant. By utilizing environmentally friendly plant-derived hormones like CE, we can 

develop more sustainable aquaculture methods, thereby reducing the environmental impact associated with traditional hormone 

induction strategies.  
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I. INTRODUCTION

Tiger shrimp Penaeus monodon is an aquaculture industry 

that has become the second largest leading commodity in the 

world [1]. In 2023, the production of tiger shrimp reached 
approximately 550,000 metric tons, and it is anticipated to 

increase to 600,000 metric tons by the year 2024 [2]. To 

achieve the target of sustainable tiger shrimp farming, 

sufficient high-quality shrimp broodstock is required for the 

provision of seedlings [3]. Until now, the availability of tiger 

shrimp broodstock for spawning still depends on natural 

broodstock. However, there is a high risk of disease 

transmission, potentially resulting in disease outbreaks [4], 

[5]. Efforts have been made to replace wild tiger shrimp 

broodstock with captive-bred broodstock; however, utilizing 

captive-bred broodstock still poses several challenges, such as 

poor reproductive performance. Poor reproductive 

performance is associated with the slow maturity of shrimp 

gonads, leading to low or even inability to perform natural 

mating in controlled ponds or tanks [6], [7].  

Eye stalk ablation has been shown to enhance the captive 

tiger shrimp broodstock’s reproductive performance [8]–[10]. 

Although eyestalk ablation can accelerate tiger shrimp gonad 

development, this method has drawbacks, such as increasing 
stress levels that can result in spawner death, disrupting 

physiological function, reducing gamete quality, and contrary 

to animal welfare [11]–[13]. Hormone induction strategies 

offer an alternative avenue to ensure the availability of 

endogenous steroid hormones essential for regulating 

reproductive activity [14]–[16]. While effective, synthetic 

steroid hormones come with high-cost challenges and 

environmental concerns, including potential residues they 

may leave in aquatic environments [17], [18].  
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Hormones are derived from environmentally friendly 

plants, so they are safe to use to enhance the tiger shrimp 

broodstock’s reproduction. Cyperus spp., one of the wild 

plants that often grows in fields, rice fields, and beaches, has 

significant potential in aquaculture. Cyperus spp. contain 

various bioactive compounds, including alkaloids, terpenes, 

phenolic acids, and sesquiterpenes, like methyl farnesoate 

(MF) [18], [19]. MF found in Cyperus spp. has similarities 

with juvenile hormones present in crustaceans [19], and this 

opens opportunities to stimulate hormonal responses that can 
enhance tiger shrimp reproduction in hatchery settings.  

The influence of the use of Cyperus spp. extract 

components (CE) on the captive tiger shrimp broodstock’s 

reproductive performance is still in the research stage. In the 

earlier study, oral administration of CE to captive tiger shrimp 

broodstock improved gonadal development and egg 

production, especially at concentrations of 100 μg/g body 

weight (BW) through four weekly injections  [20]. However, 

the practical challenges and risk of death associated with 

injection feeding have triggered a shift towards mixing 

feeding with feed. In the application of CE at a concentration 
of 300 μg/g BW through feed, an increase in reproductive 

performance was found [21]. However, it has not provided 

significant results, so appropriate concentration optimization 

is needed. Thus, this investigation aims to determine the 

impact of oral administration of CE at various doses on the 

captive tiger shrimp broodstock’s reproductive performance. 

The percentage of molting, the number of males carrying 

spermatophores, mated females, the development of Gonadal 

Maturity Level (GML), the number and diameter of eggs, and 

the number of nauplii of captive tiger shrimp broodstock were 

evaluated. The findings from this study have the potential to 
contribute to the development of more efficient captive tiger 

shrimp farming methods and increase larval production while 

reducing the use of synthetic chemicals and reducing the need 

for eyestalk ablation techniques. This research aims to 

evaluate the effectiveness of extracts from Cyperus species in 

enhancing the reproductive capacity of tiger shrimp bred in 

captivity. 

II. MATERIAL AND METHODS 

A. Cyperus spp. Extraction 

Cyperus spp. was collected around agricultural land in 

Bontojolong Village, Maros Regency, Indonesia. The 

rhizome of Cyperus spp. was separated and then washed 

under running water to remove any soil that was still attached. 

The clean Cyperus spp. rhizome was then cut into cubes and 

dried using a drying cabinet at 40°C. The dried Cyperus spp. 

was ground into a fine powder using a blender. The extraction 

process is shown in Fig. 1. The concentrated extract was 

recrystallized with chloroform to get the methyl farnesoate 

mixture [21]. 

B. Shrimp Rearing  

The broodstock of captive tiger shrimp (Penaeus monodon) 

was purchased from a traditional pond located in the Takalar 

Regency, South Sulawesi, Indonesia. Previously, the 

broodstocks were confirmed to be free of specific pathogens 

based on a polymerase chain reaction (PCR) result. The 

shrimp broodstocks were transported in plastic bags and 

gradually acclimatized to laboratory conditions. They were 

provided with a commercial diet for approximately seven 

days before the commencement of the experiment. Healthy 

female broodstocks with a body weight and body length 

ranging from 104.56-117.25 g and 19.00-22.95 cm, and male 

broodstocks with a body weight and body length ranging from 

69.12-79.50 g and 19.21-20.66 cm, respectively were 

selected. The broodstocks in an empty stage of Gonadal 

Maturation Level (GML) were selected and randomly 

distributed into ten concrete tubs, each having a volume of 20 
tons. Each tub has a recirculation water system with a shrimp 

density of 8 pairs (n=16).  

 
Fig. 1 Cyperus spp. extraction process 

 

Each broodstock was given conventional numbering and 

marking to one of the eyepieces and carapace. The 

broodstocks were fed squid, clams, and sea worms twice a 

day, namely morning and afternoon, as much as 15% of the 

shrimp's body weight. Before administration, the feed was 

soaked in a 100-ppm iodine solution for 10 minutes to 
disinfect the feed. In addition, the broodstocks were fed a 

commercial diet of as much as 2% of body weight daily at 

night. A weekly water exchange of about 50% was performed 

using filtered and sterilized seawater to maintain water 

quality.   

C. Ethics Statement  

The research met the ethical standards for animal welfare, 

as established by the UMI Health Research Ethics 

Commission, documented with reference number 
205/A.1/KEPK-UMI/I/2022 (January 10, 2022). 

D. Experimental Diet Preparation 

The extract from Cyperus sp. the extract was incorporated 

into commercial shrimp feed (PT Central Proteina Prima Tbk) 

in the form of crumble with a crude protein content of 40% 

Cyperus spp 

- Cleaned.  

- Dried 

- Refined 

 
500 g Cyperus spp 

powder 

- Plus MeOH 80% 1L in the flask 

- Macerated 3x 24 hours 

- Filtered with Whatman no 42  

- Evaporated with a vacuum evaporator 

until a solution with a concentration of 

1 mL equivalent to 20 g of fresh 

material is obtained. 

Crude extract of 

Cyperus sp 

- Fractionations 
wth hexan, 
EtOac, and EtOH 

-  Recrystallisation 
with Clhoroform 

 

Methyl fernesoate 
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according to the designed treatment dose. The feed enriched 

with CE was coated with fish oil, with a dosage of 15 mL/kg, 

to enhance the extract's stability and effectiveness. The 

coating was sprayed [22]. After the coating process, the 

experimental feed was dried and stored in a refrigerator at 4°C 

until ready for use. 

E. Cyperus spp. Extract Administration 

CE was given through oral administration using a 

Completely Randomized Design (CRD). This study involved 

five different treatments. The captive tiger shrimp Penaeus 

monodon was fed feed enriched with 0 (A), 300 (B), 400 (C), 

and 500 μg CE/g BW (D). Another treatment (E) was eyestalk 

ablation as a positive control. All treatments were conducted 

in duplicates. The male and female broodstocks were fed 

commercial feed enriched with CE based on the designed 

treatment concentration.  The broodstocks were fed a 

commercial feed enriched with CE as much as 2% of the total 

body weight of shrimp at night in addition to fresh feed in the 
morning and afternoon for 60 days of the rearing period. 

F. Parameter Observation  

The molting of tiger shrimp broodstock was monitored 

daily following the application of CE. Molting was identified 

by the shedding of the old cuticle and the subsequent 

regeneration of a new one in the carapace of tiger shrimp [23]. 

The molt percentage for both females and males was 

determined by comparing the count of molting shrimp to the 

total number of shrimps examined. The males carrying 
spermatophores were observed daily. The presence of mating 

female broodstock was monitored daily. The number of eggs 

produced, average egg diameter, and nauplii yield were 

recorded. 

The female tiger shrimp broodstock generally reached 

gonad maturity within 7-10 days after ablation. Observation 

of mature broodstock gonads was carried out every evening 

(5.00-6.00 Indonesia time) by shining a part of the shrimp 

body. A GML IV was characterized by an even spread of 

gonads visible from the carapaces of the dorsal aspect of the 

body to the base of the tail [24]. Shrimp showing the GML IV 
were transferred into a conical spawning tank with a capacity 

of 250 L for hatching. The number and diameter of eggs and 

the number of nauplii were observed. At the end of the study, 

the vitellogenin and spermatogenesis expression were 

observed in the broodstocks. 

To determine the gene expression of female broodstock 

vitellogenin and male broodstock gametes was done by 

isolating RNA using RNA isolation kits to synthesize cDNA 

to be used as DNA temples  [25]. The RNA was extracted 

from 100 µL hemolymph using an RNA. isolation kit and 

cDNA synthesis using Ready-To-Go. was extracted from 100 

µL hemolymph using an RNA. isolation k 

G. Data Analysis  

The data on molt percentage, the count of males with 

spermatophores, and mated females underwent Analysis of 

Variance (ANOVA) at a confidence level of 0.05 (P<0.05). 

Microsoft Excel and IBM SPSS Statistics 20 were employed 

as computer software for analysis. Descriptive presentations 

were given for the development of GML, egg count, diameter, 

and nauplii count. The discussion included a descriptive 

examination of the expression of the gene responsible for 

vitellogenin and spermatogenesis in the hemolymph of female 

and male tiger shrimp.  

III. RESULTS AND DISCUSSION 

A. Shrimp Molting 

Applying CE at the different concentrations on the tiger 

shrimp broodstock showed the response in males and females, 
especially in the molting process. Data on shrimp molting 

percentage during the study are presented in Figure 2. 

 
Fig. 2  Molting percentage of tiger shrimp broodstock after application of CE 

treatment. A=control/without extract (0 µg/g BW); B=300 µg/g BW, C=400 

µg/g BW; D=500 µg/g BW, E=eyestalk ablation; and the values with 

different letters were significantly different (P<0.05 

 

You-Prime First Strand Beads kit. DNA amplification 

using the PCR technique, regarding the method previously 

developed by Parenrengi et al.[26]. The cDNA findings serve 

as the DNA templates for PCR amplification in assessing the 

expression of vitellogenin and gametogenesis genes. The tiger 

shrimp β-actin gene expression as a control gene expression. 

The tiger shrimp β-actin gene expression as a control gene 

expression. The standard protocol for gene amplification 

involved utilizing a PCR machine. The PCR outcomes were 

subjected to electrophoresis on a 1.0%. agarose gel and 

recorded using the Gel Documentation System. The detection 
of a specific DNA fragment in the gel signifies the expression 

of these genes, with approximately. 50 base pairs for females 

and around 200 base pairs for males. 

During 60 days of maintenance, the female broodstock 

exhibited the highest molting percentage when fed with feed 

enriched with CE at the concentration of 500 µg/g BW. On 

average, the molting percentage in this concentration 

treatment significantly differed (P<0.05) from the female 

broodstock fed with feed enriched with CE at the 

concentration of 300 and 0 µg/g BW (without CE enrichment) 

but did not show a significant difference (P>0.05) to the 
treatment 400 µg/g BW and eyestalk ablation. It was different 

from the response shown by the male broodstock. The highest 

molting percentage was obtained in the male broodstock fed 

CE-enriched feed at the concentration of 400 μg/g BW and 

did not exhibit a significant difference (P>0.05) between 500 

μg/g BW and eyestalk ablation. However, the males treated 

with CE-enriched feed at 400 μg/g BW significantly differed 

(P<0.05) between 0 (control) and 300 μg/g BW. When the 

females and males were treated with CE-enriched feed at the 

concentration of 500 and 400 μg/g BW, the broodstocks 

showed a similar response to eyestalk ablation. 
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B. Reproductive Performance 

CE can promote the development of reproductive organs 

and contribute to the formation of spermatophores in 

broodstock held in captivity. Figure 3 illustrates the 
percentage of matured male broodstock identified by the 

presence of spermatophores throughout the study period. 

 
Fig. 3 The number of male broodstock carrying spermatophores after 

application of CE treatment. A=control/without extract (0 µg/g BW); B=300 

µg/g BW, C=400 µg/g BW; D=500 µg/g BW, E=eyestalk ablation; and the 

values with different letters were significantly different (P<0.05) 

 

In Figure 3, the highest percentage of male broodstock 

carrying spermatophore was obtained for broodstock fed with 

CE-enriched feed at the concentration of 500 µg/g BW, which 
was 85%. The analysis showed no significant difference 

(P>0.05) between the male broodstock fed with CE-enriched 

feed at the concentration of 500 and 400 μg/g BW, including 

eyestalk ablation. In contrast, there was a significant 

difference (P<0.05) between the male broodstock fed with 

CE-enriched feed at the concentration of 500 with 0 μg/g BW 

(control) and 300 μg/g BW. Based on the result, applying CE 

at the concentration of 500 µg/g BW was the best dose option 

for supplementing captive male tiger shrimp broodstock 

because it helped stimulate spermatophore production 

compared to the other treatments. There were indications that 

the higher the dose of CE, the mating female tends to increase.  
The application of CE at various concentrations has been 

found to impact the gonad maturity of captive female tiger 

shrimp broodstock. When female broodstock was treated with 

CE, the number of matured male broodstock increased, as 

shown in Figure 4. 

 
Fig. 4  The percentage of mating female broodstock after application of CE 

treatment. A=control/without extract (0 µg/g BW);  B=300 µg/g BW, C=400 

µg/g BW; D=500 µg/g BW, E=eyestalk ablation; and the values with 

different letters were significantly different (P<0.05) 

 
Among the various concentrations tested, the highest 

percentage (60%) of matured broodstock was accomplished 

with the CE treatment at 500 μg/g BW. This result showed a 

significant difference (P<0.05) from the control treatment, 

where CE was not administered. However, the 500 μg/g 

treatment did not exhibit a significant difference (P>0.05) 

compared to the treatments with CE concentrations of 300 and 

400 μg/g BW, as well as the eyestalk ablation treatment. 

These findings indicate that the response of female tiger 

shrimp broodstock to CE tends to increase with higher 

concentrations of CE. 

The present study revealed that the CE application 
positively influences the percentage of mating female 

broodstock and the development of GML as the concentration 

of CE in the feed increases. The highest rate of female tiger 

shrimp reaching GML IV was achieved at a dose of 500 µg/g 

BW, with a percentage of 62.5% (Table 1). CE and eyestalk 

ablation could stimulate gonad development up to GML IV, 

while the control group (without CE) only reaches GML II. 

TABLE I 

GONADAL MATURITY LEVEL (GML) OF FEMALE BROODSTOCK   FED WITH 

CE-ENRICHED FEED AT DIFFERENT CONCENTRATIONS  (N=16) 

Treatment 
GML Percentage of matured 

broodstock (%) I II III IV 
A 2 2 0 0 25 
B 2 1 1 1 31.25 
C 2 2 2 2 50 
D 2 2 2 4 62.5 
E 2 2 1 1 37.5 

Notes: A=control/without extract (0 µg/g BW); B=300 µg/g BW, 

C=400 µg/g BW; D=500 µg/g BW, E=eyestalk ablation, and (-) = un-

spawn female broodstock 

 

The highest number and diameter of eggs were observed in 

the application of CE at a dose of 500 µg/g BW (337,339 eggs 

and 289.5 µm, respectively), followed by 400 and 300 µg/g 

BW as well as eyestalk ablation, respectively (Table 2).  

TABLE II 

EGG DIAMETER AND NUMBER OF NAUPLI OF FEMALE BROODSTOCK AT 

DIFFERENT TREATMENTS DURING THE STUDY 

Parameters 
Treatment 

A B C D E 

Egg number 
(pcs) 

- 276,570 303,663 337,3
39 

271,550 

Egg diameter 
(µm) 

- 276.3 282.6 289.5 264.6 

Number of 
nauplii (ind) 

- 6,143 15,057 16,17
5 

13,738 

Notes: A=control/without extract (0 µg/g BW); B=300 µg/g BW, C=400 

µg/g BW; D=500 µg/g BW, E=eyestalk ablation, and (-) = un-spawn female 

broodstock 

 

A relatively similar response pattern occurs in egg diameter 

and number of nauplii. CE treatment in the feed tends to 

increase the number and diameter of eggs and the number of 

nauplii produced as indicators of improved reproductive 

performance in tiger shrimp broodstock. The result of the 

gene expression of this present study showed that the PCR 

process had been run usually by indicating the presence of β-

actin words in all samples (Figure 5A). The expression of the 
gametogenesis gene in the male broodstock and the 

vitellogenin gene in the female broodstock are shown in 

Figure 5B and Figure 5C, respectively. 
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Fig. 5  Expression of β-actin (A), gametogenesis (B), and vitellogenin (C) 

genes on the tiger shrimp given by different concentrations of CE 

(A=control/without quote, B=300 µg/g BW, C=400 µg/g BW; D=500 µg/g 

BW, E=eye stalk ablation, m=male, f=female, and M=DNA marker) 

 

Figure 5 shows that the 400 µg/g BW concentration 

showed a higher expression for both genes than the other 

treatments. A higher word was even with the higher extract 

concentration; however, the gametogenesis expression in 

males at 500 µg/g BW seemed relatively lower than 400 µg/g 

BW. In vitellogenin analysis, the higher the concentration of 
CE, the higher the vitellogenin expression was observed in 

females. The 400-500 µg/g BW concentration was relatively 

higher than the control (without extract) and the ablation.  

C. Discussion 

Feeding captive tiger shrimp with CE-containing feed 

positively influences the reproductive performance of both 

male and female broodstock, depending on the given CE 

concentration. Shrimp mating is generally done at night, after 

the female shrimp molt. Molting is a natural process observed 
in various species of invertebrates, such as crustaceans and 

shrimp[27]. Molting is an indispensable biological process 

that is key in regulating survival, development, 

metamorphosis, and reproduction [28]. Molting in female 

shrimp broodstock has a key role in shrimp reproduction. 

Molting female is a critical preparatory stage for natural 

mating. During molting, the female sheds the old exoskeleton 

[23], and their telycum becomes softer, making it easier for 

them to receive sperm from male shrimp. 

Molting in male shrimp broodstocks is also necessary. 

Molting in male shrimp broodstock accelerates the formation 
of spermatophores, and spermatophores formed after molting 

have qualities similar to those developed gradually [29]. This 

study showed a difference in the percentage of molting 

observed in captive female and male tiger shrimp. Female 

shrimp broodstock given CE at a concentration of 500 μg/g 

BW gave a molting percentage of up to 40%. Meanwhile, 

male tiger shrimp broodstock that was also fed CE-containing 

feed had a molting percentage of about 31% when the CE 

concentration was 400 μg/g BW. It shows that female shrimp 

require a higher attention of CE to carry out the molting 

process than male tiger shrimp. 
However, there is an exciting difference in the mature 

needs of the gonads. When feed contains CE at the same 

concentration (500 μg/g BW), the percentage of gonadally 

mature male and female tiger shrimp is significantly higher 

compared to lower concentration treatment or control 

treatment and eyestalk ablation. The percentage of gonadally 

mature male tiger shrimp reaches 80%, while the percentage 

of gonadally mature female shrimp is around 60%. However, 

CE administration at higher concentrations (500 and 400 μg/g 

BW) showed no significant difference (P>0.05) in molting 

percentage and gonadal maturity in both males and females. 

These two CE concentrations gave a significantly higher 

percentage of molting and gonadal maturity than the control 

treatment and eyestalk ablation. 

Results indicate that CE administration is more effective in 

increasing the percentage of molting and gonadal 

development than eyestalk ablation. When compared to 

giving CE by injection at a dose of 100  μg/g BW (50%) [1], 

CE administration through feed with a concentration of 500 

μg/g BW resulted in a lower molting percentage of 2.22 times 
(40%) in female broodstock. It proves that juvenile hormone 

compounds, such as MF, contained in CE, can affect the 

molting process and gonad maturity in female and male tiger 

shrimp broodstock. As reported in different species, MF 

regulates freshwater crabs' reproduction and molting of 

Oziotelphusa senex. [14] 

In the other species, MF effectively increased spermatozoa 

count and reproductive index in the narrow-clawed crayfish 

Pontastacus leptodactylus [30]. MF at lower concentrations 

(120 ng/g BW) has significantly improved the 

spermatophores quality of white shrimp Litopenaeus 
vannamei after five injections during 36 days of treatment 

[30]. In the injection method, the concentration of CE needed 

is lower, which may be due to all CE entering the body of 

shrimp, in contrast to oral administration through feed, which 

allows not all feed containing CE to be eaten by shrimp. 

However, the oral administration of CE through feeding 

mixing is relatively safe and does not cause stress in shrimp. 

MF can increase shrimp molting by inhibiting Molting 

Inhibition Hormone (MIH), where MIH inhibition allows 

organ Y to secrete ecdysones, which initiate and maintain 

molting [14], [31].  MF regulates physiological processes 
such as metamorphosis and reproduction in most crustaceans 

and insects [23]. 

MF, a chemical structure very similar to the juvenile 

hormones found in crustaceans, plays a role in the growth, 

development, and stimulation of insects in reproduction [32]. 

MF is essential in controlling gonadal development and 

maturity in some invertebrate organisms, especially 

crustaceans, such as crabs and shrimps. Inducing this 

compound can affect hormone metabolism in shrimp 

broodstock and regulate gonad maturity levels and mating 

[33]. 

MF should be administered in appropriate concentrations 
to achieve the desired effect at the degree of gonadal maturity. 

The optimal concentration may vary depending on the 

crustacean species and environmental conditions. In this 

study, females fed CE-enriched feed at the highest 

concentration of 500 μg/g BW showed the highest number of 

broodstock reaching GML IV. Although other factors affect 

GML, such as the weight and quality of shrimp broodstock, 

feed with good protein content, and sound environment, 

hormone manipulation can also trigger gonad maturity[17]. 

Administration of CE, especially at a dose of 500 µg/g BW, 

improved the reproductive performance of the tiger shrimp 
broodstock. The increase in the number and diameter of eggs 

and the number of nauplii (larvae) served as indicators of 

improved reproductive performance. These findings showed 

that CE treatment in the shrimp feed could enhance the 

reproductive potential of tiger shrimp broodstock. The higher 

number of eggs indicates a higher reproductive output, which 

1316



can benefit commercial shrimp farming. Moreover, the larger 

diameter of eggs suggests potential improvements in egg 

quality and viability. Larger eggs may contain more nutrients 

and energy reserves for the developing embryos, leading to 

higher survival rates and healthier offspring [34],[35]. MF as 

a component in CE affects the development of gonads and 

spermatogenesis. It will undoubtedly affect the acquisition of 

eggs and spermatophores through injection application and 

orally in feed [36]. [37]. 

Additionally, the study mentioned a relative similarity in 
the response pattern of egg diameter and nauplii quantity. It 

implies that the positive effects of CE treatment extend 

beyond just egg production and impact the eggs' subsequent 

development and hatching success. The increase in nauplii 

quantity further supports the notion that CE treatment 

improves reproductive performance by enhancing the overall 

reproductive potential of the broodstock.  

A protein called vitellogenin is essential in the reproductive 

process of shrimp and other invertebrate animals. The 

vitellogenin gene controls the production of vitellogenin in 

the body of female shrimp, which is used in egg formation. 
Disruptions in vitellogenin gene expression can interfere with 

egg maturation, reduce the number of eggs produced, and 

affect egg quality [38]. In addition, spermatogenesis gene 

expression in male shrimp plays an essential role in sperm 

production. Disruptions in the face of these genes can reduce 

sperm production, affect the ability of male shrimp to fertilize 

eggs, and affect sperm quality [39]. Thus, the vitellogenin and 

spermatogenesis genes are crucial in the shrimp reproduction 

process and significantly impact the reproduction and quality 

of shrimp offspring. 

The β-actin gene was employed as an internal control to 
evaluate the expression of gametogenesis genes in male 

broodstock and vitellogenin genes in female broodstock. The 

β-acting gene served as a reference point to validate 

successful gene isolation, ensuring that the samples were free 

from contamination. By utilizing the β-acting gene as an 

internal control, any variations in gene expression observed 

could be attributed to the specific genes under investigation 

rather than unintended factors such as contamination or 

technical errors. This control was crucial for accurately 

assessing the expression patterns of the target genes and 

obtaining reliable results in the study of gametogenesis and 

vitellogenin gene expression in the respective broodstock 
[26]. The development of female tiger shrimp growth could 

be determined by vitellogenesis gene expression. 

Vitellogenesis is a principal process during ovarian 

maturation in crustaceans [40]. Based on the findings 

presented in Figure 4, it is evident that the concentration of 

400 µg/g BW led to elevated expression levels of both the 

gametogenesis and vitellogenin genes, surpassing the 

expression levels observed in the other treatments. It indicates 

that the concentration above may positively influence the 

expression of these genes. It is worth noting that a higher 

concentration of the compound being studied (CE) exhibited 
a direct correlation with increased gene expression. The 

results obtained from the analysis of gametogenesis-related 

gene expression in male tiger shrimp P. monodon indicated 

that the induction of 17α-methyltestosterone hormone 1-2 

times resulted in higher expression levels (2.5-2.75 times) 

compared to the other treatment conditions [41]. 

However, in the case of gametogenesis gene expression in 

males, the concentration of 500 µg/g BW appeared to have a 

relatively lower expression than the 400 µg/g BW 

concentration. This observation suggests that there might be a 

concentration-dependent effect on gametogenesis gene 

expression, where an excessively high concentration (500 

µg/g BW) may have a diminishing impact. In the analysis of 

vitellogenin expression, it was observed that higher 

concentrations of the extract (CE) corresponded to increased 

vitellogenin expression in females. Specifically, 400-500 
µg/g BW concentrations exhibited relatively higher 

vitellogenin expression than the control group (without 

extract) and the ablation group. This finding suggests that the 

extract at these concentrations has induced vitellogenin 

ovarian maturation, indicated by increased vitellogenin gene 

expression in female broodstock[42].  

The detailed mechanism of Gonad-inhibiting hormone 

(GIH) regulating vitellogenin expression is still ambiguous. 

However, Kluebsoongnoen et al. [40],[43] stated that GIH, a 

neuronal peptide hormone from the eyestalks of tiger shrimp, 

negatively regulated the vitellogenin process. A study of the 
white shrimp Litopenaeus vannamei revealed two stages of 

vitellogenin gene expression for the completion of 

vitellogenesis: the extra-ovarian hepatopancreatic stage 

followed by the intraovarian stage performed by the ovary 

[44]. They also state that shrimp's vitellogenin genes will 

likely regulate growth and the molt cycle. MF induces the 

synthesis of vitellogenin in crustacea either directly or 

indirectly ripening the ovaries[14], [15]. Overall, the results 

indicate that the concentration of CE plays a crucial role in 

regulating the expression of the gametogenesis and 

vitellogenin genes. The 400 µg/g BW concentration appears 
to be particularly effective in enhancing both gene 

expressions.  

IV. CONCLUSION 

Administrating Cyperus sp extract containing MF 

compound can improve the reproductive breeding of captive 

tiger shrimp. The dosage between 400-500 μg/g body weight 

in the diet showed positive results of increased molting, more 

males carrying with spermatophores, successful mating, and 
better egg production and quality.  These findings 

recommended using the optimal dosage of Cyperus extract at 

400-500 μg/g body weight in the diet of tiger shrimp 

broodstock. 
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