


8/5/23, 5:21 PM Editorial board - Animal Reproduction Science | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/animal-reproduction-science/about/editorial-board 1/6

Aims and scope

Announcements

Editors' Choice

Highlighted Articles

Editorial board by country/region

38 editors and editorial board members in 21 countries/regions

1 United States of America (8)
2 China (5)
3 Australia (3)

See more editors by country/region

Editorial board

Menu Search in this journal

Animal Reproduction Science
Supports open access

4.2
CiteScore

2.2
Impact Factor

Editorial board

Submit your article Guide for authors

https://www.sciencedirect.com/journal/animal-reproduction-science
https://www.editorialmanager.com/anirep
https://www.elsevier.com/journals/animal-reproduction-science/0378-4320/guide-for-authors
https://www.sciencedirect.com/


8/5/23, 5:21 PM Editorial board - Animal Reproduction Science | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/animal-reproduction-science/about/editorial-board 2/6

Christine Aurich, Dr.med.vet., Dr. med.vet.habil.

View full biography

Marc Yeste, PhD

View full biography

Robert A. Cushman

View full biography

Alan Ealy

View full biography

V. Akbarinejad

Editors-in-Chief

Associate Editors

Editorial Board

University of Veterinary Medicine Vienna, Wien, Austria

University of Girona, Girona, Spain

USDA, ARS, U.S. Meat Animal Research Center, Nebraska, United States of America

Virginia Polytechnic Institute and State University, Department of Animal and Poultry Sciences, Blacksburg, Virginia,
United States of America

University of Tehran, Department of Theriogenology,, Faculty of Veterinary Medicine, Tehran, Iran



8/5/23, 5:21 PM Editorial board - Animal Reproduction Science | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/animal-reproduction-science/about/editorial-board 3/6

B.M. Alexander

A. F. C. de Andrade

J.F. Cavalieri

S. Chastant

M. Christoffersen

P. Comizzoli

Alberto Delgadillo

M.A.M.M. Ferraz

L. Flowers

O Fraser

A. García-Guerra

University of Wyoming, Laramie, WY, United States of America

Brazilian College of Animal Reproduction, BELO HORIZONTE, Brazil

James Cook University - Cairns Campus, Cairns, QLD, Australia

National Veterinary School Toulouse, Toulouse, France

University of Copenhagen, Department of Veterinary and Animal Sciences, Frederiksberg, Denmark

Smithsonian's National Zoo and Conservation Biology Institute, Washington, DC, United States of America

Antonio Narro Autonomous Agrarian University Goat Reproduction Research Center, Torreón, Coahuila, Mexico

Ludwig Maximilian University Munich, Department of Veterinary Science, München, Germany

NC State University, Raleigh, NC, United States of America

University of Warmia and Mazury in Olsztyn, Olsztyn, Poland



8/5/23, 5:21 PM Editorial board - Animal Reproduction Science | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/animal-reproduction-science/about/editorial-board 4/6

S.P. de Graaf

W. Holt

G. Hua

C. Klein

D. Kucharczyk

O. Linhart

J.F. Mee

F. Mossa

K. Muller

M.S. Ortega

The Ohio State University College of Food Agricultural and Environmental Sciences, Columbus, Ohio, United States of
America

The University of Sydney, Sydney, NSW, Australia

The University of Sheffield, Sheffield, United Kingdom

Huazhong Agricultural University, Wuhan, China

Friedrich-Loeffler-Institute Federal Research Institute for Animal Health, Greifswald, Germany

University in Olsztyn, Department of Ichthyology and Aquaculture, Faculty of Animal Bioengineering Warmia, Olsztyn,
Poland

University of South Bohemia, Faculty of Fisheries and Protection of Waters, Vodňany, Czechia

TEAGASC, Carlow, Ireland

University of Sassari, Sassari, Italy

Leibniz Institute for Zoo and Wildlife Research (IZW), Department of Reproductive Biology and Andrology, Berlin,
Germany



8/5/23, 5:21 PM Editorial board - Animal Reproduction Science | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/animal-reproduction-science/about/editorial-board 5/6

M.G. Pang

A. Partyka

J.R. Pursley

K SWAIN

N. Satake

Y-L. Shiue

P. T. Tribulo

C. Viñoles-Gil

C. Wang

W. Zeng

University of Missouri, Columbia, Missouri, United States of America

Chung-Ang University, Department of Animal Science and Technology, Ansong, South Korea

Wrocław University of Environmental and Life Sciences, Wroclaw, Poland

Michigan State University, East Lansing, MI, United States of America

College of Veterinary Science & Animal Husbandry, Department of Physiology, Sperm Signalling Laboratory, Mathura,
India

The University of Queensland School of Agriculture and Food Sciences, Saint Lucia, Queensland, Australia

National Sun Yat-sen University, Kaohsiung, Taiwan

National University of Cordoba, Cordoba, Argentina

University of the Republic Uruguay, Montevideo, Uruguay

China Agricultural University, Beijing, China

Northwest A&F University College of Animal Science and Technology, Yangling, Shaanxi, China



8/5/23, 5:21 PM Editorial board - Animal Reproduction Science | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/animal-reproduction-science/about/editorial-board 6/6

K. Zhang

Y. Zhang

Copyright © 2023 Elsevier B.V. or its licensors or contributors.
ScienceDirect® is a registered trademark of Elsevier B.V.

Dept. of Veterinary Medicine,College of Animal Sciences,Zhejiang University, Hangzhou, Zhejiang, China

Nanjing Agricultural University, Nanjing, China

All members of the Editorial Board have identified their affiliated institutions or organizations, along with the
corresponding country or geographic region. Elsevier remains neutral with regard to any jurisdictional claims.

https://www.elsevier.com/
https://www.relx.com/


8/5/23, 5:22 PM Animal Reproduction Science | Vol 255, In progress (August 2023) | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/animal-reproduction-science/vol/255/suppl/C 1/4

Volume 255
In progress (August 2023)
This issue is in progress but contains articles that are final and fully citable.

Download full issue

Previous vol/issue Next vol/issue

Receive an update when the latest issues in this journal are published

Set up journal alerts

Research article Full text access

The role of nutritional-immunological indices in estimating serum LPS and antioxidant enzyme activity
and sepsis status in female dogs with pyometra caused by E. coli

Murat Onur Yazlık, İpek Mutluer, Ufuk Kaya, Hüseyin Özkan, ... Mehmet Rıfat Vural
Article 107276

View PDF Article preview

Research article Open access

Menu Search in this journal

Animal Reproduction Science
Supports open access

Submit your article

https://www.sciencedirect.com/journal/animal-reproduction-science/vol/254/suppl/C
https://www.sciencedirect.com/journal/animal-reproduction-science/vol/256/suppl/C
https://www.sciencedirect.com/science/article/pii/S0378432023000908
https://www.sciencedirect.com/science/article/pii/S0378432023000908/pdfft?md5=10458d7ee177a0da405b3cd6a5a6e2d8&pid=1-s2.0-S0378432023000908-main.pdf
https://www.sciencedirect.com/
https://www.sciencedirect.com/journal/animal-reproduction-science
https://www.editorialmanager.com/anirep
https://www.elsevier.com/journals/animal-reproduction-science/0378-4320/guide-for-authors


8/5/23, 5:22 PM Animal Reproduction Science | Vol 255, In progress (August 2023) | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/animal-reproduction-science/vol/255/suppl/C 2/4

Characteristics of reproductive organs and reproductive potential in Scandinavian female grey wolves
(Canis lupus).

Eva Axnér, Eric Cederlund, Erik O. Ågren, Anne-Marie Dalin
Article 107266

View PDF Article preview

Research article Full text access

Sperm head morphometry and chromatin alterations in bulls with different conception rates

José Andrés Nivia Riveros, Isabelle Cristina Pereira, Ana Carolina Bahia Teixeira, Juliana Horta Wilke Diniz, ... Leticia
Zoccolaro Oliveira
Article 107275

View PDF Article preview

Research article Full text access

Knock-down of aryl hydrocarbon receptor (AhR) affects the lncRNA-mediated response of porcine
granulosa cells (AVG-16 cell line) to 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD).

Sylwia Swigonska, Anna Nynca, Tomasz Molcan, Monika Jablonska, Renata E. Ciereszko
Article 107277

View PDF Article preview

Research article Full text access

Influence of preovulatory estradiol treatment on the maintenance of pregnancy in beef cattle receiving
in vivo produced embryos

J.N. Ketchum, G.A. Perry, L.K. Quail, K.M. Epperson, ... T.W. Geary
Article 107274

View PDF Article preview

Research article Full text access

A novel technique for mass induction of propagation in small fish species: Hormone immersion

Darmawan Setia Budi, Sherly Puspitasari, Rahma Putri Nuramalia Febrianti, Türker Bodur, Akhmad Taufiq Mukti
Article 107280

View PDF Article preview

Research article Full text access

Animal Reproduction Science

Submit your article

https://www.sciencedirect.com/science/article/pii/S0378432023000805
https://www.sciencedirect.com/science/article/pii/S0378432023000805/pdfft?md5=afc6cc92c27d34287c149875529e792a&pid=1-s2.0-S0378432023000805-main.pdf
https://www.sciencedirect.com/science/article/pii/S0378432023000891
https://www.sciencedirect.com/science/article/pii/S0378432023000891/pdfft?md5=bfadaf0ae02b73f0332a84567f9db45c&pid=1-s2.0-S0378432023000891-main.pdf
https://www.sciencedirect.com/science/article/pii/S037843202300091X
https://www.sciencedirect.com/science/article/pii/S037843202300091X/pdfft?md5=66c128cbd5bc0e0180cba9cba8839846&pid=1-s2.0-S037843202300091X-main.pdf
https://www.sciencedirect.com/science/article/pii/S037843202300088X
https://www.sciencedirect.com/science/article/pii/S037843202300088X/pdfft?md5=dcb61cbc815df6a597eea1ac26bc0a53&pid=1-s2.0-S037843202300088X-main.pdf
https://www.sciencedirect.com/science/article/pii/S0378432023000945
https://www.sciencedirect.com/science/article/pii/S0378432023000945/pdfft?md5=1623ac9372b58163d50e739f891258e4&pid=1-s2.0-S0378432023000945-main.pdf
https://www.sciencedirect.com/journal/animal-reproduction-science
https://www.editorialmanager.com/anirep
https://www.elsevier.com/journals/animal-reproduction-science/0378-4320/guide-for-authors
asus
Highlight

asus
Highlight



8/5/23, 5:22 PM Animal Reproduction Science | Vol 255, In progress (August 2023) | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/animal-reproduction-science/vol/255/suppl/C 3/4

miR-101–5p overexpression suppresses the proliferation of goat spermatogonial stem cells by targeting
EZH2

Yu Cai, Zifei Liu, Guomin Zhang, Yingnan Yang, ... Mingtian Deng
Article 107281

View PDF Article preview

Research article Open access

Expression and localization of the neuropeptide phoenixin-14 and its receptor GRP173 in the canine
reproductive organs and periovarian adipose tissue

Marta Rybska, Maria Billert, Marek Skrzypski, Tatiana Wojciechowicz, ... Barbara Wąsowska
Article 107282

View PDF Article preview

Research article Full text access

Effect of reduced water intake on ovarian reserve, leptin immunoexpression and impact of leptin on the
in vitro culture of sheep secondary follicles

Vanúzia Gonçalves Menezes, Alane Pains Oliveira do Monte, Ricássio de Sousa Barberino, Bruna Bortoloni Gouveia, ... Aurea
Wischral
Article 107278

View PDF Article preview

Research article Open access

Effects of postpartum diseases on antral follicle count and serum concentration of Anti-Müllerian
hormone in dairy cows

Laurin Schwarzmann, Arlene Marchand, Barbara Knutti, Rupert Bruckmaier, ... Dragos Scarlet
Article 107291

View PDF Article preview

Research article Full text access

Dihydrotestosterone mediates the inflammation effect under lipopolysaccharides in bovine endometrial
epithelial cells via AR blockading TLR4/MyD88 signaling pathway

Yixuan Liang, Xingyi Chen, Jie Yin, Xinyi Liu, ... Longfei Xiao
Article 107292

View PDF Article preview

Animal Reproduction Science

Submit your article

https://www.sciencedirect.com/science/article/pii/S0378432023000957
https://www.sciencedirect.com/science/article/pii/S0378432023000957/pdfft?md5=dd0175b74936956a8522953795c9bd4c&pid=1-s2.0-S0378432023000957-main.pdf
https://www.sciencedirect.com/science/article/pii/S0378432023000969
https://www.sciencedirect.com/science/article/pii/S0378432023000969/pdfft?md5=b76423b68bbeedd40226d570f479842d&pid=1-s2.0-S0378432023000969-main.pdf
https://www.sciencedirect.com/science/article/pii/S0378432023000921
https://www.sciencedirect.com/science/article/pii/S0378432023000921/pdfft?md5=e6f162cc3197f9d118d38222f96616eb&pid=1-s2.0-S0378432023000921-main.pdf
https://www.sciencedirect.com/science/article/pii/S0378432023001057
https://www.sciencedirect.com/science/article/pii/S0378432023001057/pdfft?md5=a81b7dbd9047abf6e0f46e27ff033197&pid=1-s2.0-S0378432023001057-main.pdf
https://www.sciencedirect.com/science/article/pii/S0378432023001069
https://www.sciencedirect.com/science/article/pii/S0378432023001069/pdfft?md5=76f4bc78c9652814aca3a6bdbc5ac2ed&pid=1-s2.0-S0378432023001069-main.pdf
https://www.sciencedirect.com/journal/animal-reproduction-science
https://www.editorialmanager.com/anirep
https://www.elsevier.com/journals/animal-reproduction-science/0378-4320/guide-for-authors


8/5/23, 5:22 PM Animal Reproduction Science | Vol 255, In progress (August 2023) | ScienceDirect.com by Elsevier

https://www.sciencedirect.com/journal/animal-reproduction-science/vol/255/suppl/C 4/4

Research article Full text access

Sperm concentration of boar semen doses and sperm quality: Novel perspectives based on the extender
type and sperm resilience

Monike Quirino, Victória Nunes Pereira, Mayara de Souza Costa Tamanini, Rafael da Rosa Ulguim, ... Fernando Pandolfo
Bortolozzo
Article 107293

View PDF Article preview

Research article Open access

The effect of maternal consumption of high-fat diet on ovarian development in offspring

Wenyan Wei, Feng Qin, Junjie Gao, Junlei Chang, ... Shengyu Xu
Article 107294

View PDF Article preview

Research article Full text access

G-protein couple receptor (GPER1) plays an important role during ovarian folliculogenesis and early
development of the Chinese Alligator

Yue Wen, Jixiang Zhan, Changcheng Li, Pengfei Li, ... Xiaobing Wu
Article 107295

View PDF Article preview

Previous vol/issue Next vol/issue

ISSN: 0378-4320

Copyright © 2023 Elsevier B.V. All rights reserved

Copyright © 2023 Elsevier B.V. or its licensors or contributors.
ScienceDirect® is a registered trademark of Elsevier B.V.

Animal Reproduction Science

Submit your article

https://www.sciencedirect.com/science/article/pii/S0378432023001070
https://www.sciencedirect.com/science/article/pii/S0378432023001070/pdfft?md5=2dd58e637d791d0ba029d2a146b7097a&pid=1-s2.0-S0378432023001070-main.pdf
https://www.sciencedirect.com/science/article/pii/S0378432023001082
https://www.sciencedirect.com/science/article/pii/S0378432023001082/pdfft?md5=4e02ba3c134840221f930b0f0d387107&pid=1-s2.0-S0378432023001082-main.pdf
https://www.sciencedirect.com/science/article/pii/S0378432023001094
https://www.sciencedirect.com/science/article/pii/S0378432023001094/pdfft?md5=b0d82e61cc3d5125051395fb525534c6&pid=1-s2.0-S0378432023001094-main.pdf
https://www.sciencedirect.com/journal/animal-reproduction-science/vol/254/suppl/C
https://www.sciencedirect.com/journal/animal-reproduction-science/vol/256/suppl/C
https://www.elsevier.com/
https://www.relx.com/
https://www.sciencedirect.com/journal/animal-reproduction-science
https://www.editorialmanager.com/anirep
https://www.elsevier.com/journals/animal-reproduction-science/0378-4320/guide-for-authors


Animal Reproduction Science 255 (2023) 107280

Available online 16 June 2023
0378-4320/© 2023 Elsevier B.V. All rights reserved.

A novel technique for mass induction of propagation in small fish 
species: Hormone immersion 

Darmawan Setia Budi a,*, Sherly Puspitasari a, Rahma Putri Nuramalia Febrianti a, 
Türker Bodur b, Akhmad Taufiq Mukti c 
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A B S T R A C T   

Due to the lack of environmental stimuli found in their natural habitat, not all species of tiny fish 
can reproduce naturally in the conditions of captivity. Silver rasbora (Rasbora argyrotaenia) was 
used as the model organism in this study, which is the first to successfully use the hormonal 
technique of immersion to mass induce spawning and spermiation in small fish species. In this 
study, in order to find out the effect of immersion hormone treatment, two separate experiments 
in which commercial hormone Ovaprim™ was used for spawning induction and Ovagold™ for 
spermiation induction were conducted. Four doses of hormones (0.0 mL/L, 0.7 mL/L, 1.4 mL/L, 
and 2.1 mL/L) were evaluated on 24 females and 40 males in total. According to the experimental 
findings of female breeders, 1.4 mL/L dose of Ovaprim™ showed best results on latency period 
(8.67 h) with a total number of eggs (6994 egg) and fertilization rate (99.22 %). In addition, 
hatching and larval survival rate have also increased. Milt volume and sperm concentration have 
also seen an increase to 4.25 μL/g bw and 42.71 106 cell/μL respectively at 2.1 mL/L hormone 
concentration. The best results or responses were obtained by immersion treatments using 
Ovaprim™ doses of 1.4 mL/L on female and Ovagold™ concentrations of 2.1 mL/L on male. This 
new technique is a beneficial for breeding small fish species for either commercial or conserva-
tional culture condition.   

1. Introduction 

Fish spawning is commonly artificially induced with the widespread commercial hormone containing of synthetic sGnRH-a 
(salmon gonadotropin hormone-analog) and domperidone like Ovaprim™ (Syndel Laboratory Ltd., USA) throughout the stimula-
tion of ovulation and spermiation (Acharjee et al., 2017; Cejko et al., 2018) which supports spawning. Ovaprim™ has been shown to be 
successful in inducing spawning in many fish species such as Garra rufa (Vazirzadeh et al., 2014), climbing perch (Anabas testudineus) 
(Bhattacharyya and Homechaudhuri, 2009), Clarias batrachus (Sahoo et al., 2008), and sturgeon (Acipenser fulvescens) (Anderson et al., 
2013). After successful effect of Ovaprim™ on fish reproduction, some other companies started to produce equivalent products with 
different names; such as Ovopel (Hungary) (Jamróz et al., 2008) and Ovagold™ (Polaris Aqua Ltd., Indonesia), which has the same or 

* Correspondence to: Wijaya Kusuma Street No. 113, Banyuwangi 68425, East Java, Indonesia. 
E-mail address: darmawansetiabudi@fpk.unair.ac.id (D.S. Budi).  
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similar content as Ovaprim™ (sGnRH-a with domperidone). 
Up to now, the development of induce breeding technology has often focused on large fish consumption with the economic aims of 

increasing hatchery productivity. Meanwhile, the development of spawning induction in small fish species is less worked out even 
though these species also have economic value both as food and ornamental fish. On the other hand, there are also many small en-
dangered fish species due to over-exploitation and the destruction of their habitat. Not all species of small fish can spawn naturally in 
captivity due to the unavailability of environmental stimuli found in their natural habitat. Based on these matters, it is necessary to 
develop a spawning induction method that is applicable to small fish species. 

The three primary ways of hormonal application to encourage fish spawning and spermiation are by injection (Ningrum et al., 
2019; Zadmajid et al., 2018), by application of implant (Rainis et al., 2003; Sink et al., 2010), and topical gill application (Adawiyah 
et al., 2019). The injection technique requires specialized skill and involves a stress risk for fish that may have an impact on spawning 
outcomes. Additionally, using the injection procedure on small fish presents difficulties. Small fish spawning is commonly induced 
with the topical gill method which may also cause stress during treatment. Furthermore, large number of fishes cannot be induced 
simultaneously using these two methods. A potential method that might be used for mass spawning induction in small fish is hormone 
immersion. Hormone immersion applications have been widely used in the administration of growth hormone (Gollas-Galvan et al., 
2017), thyroxine hormone (Alinezhad et al., 2020), and sex reversal applications (Pandian and Kirankumar, 2003) in fish. Application 
of growth hormone by using immersion method is known to lead to an increase in the growth of rainbow trout (Salmo gairdneri) 
(Schulte et al., 1989) and tilapia (Oreochromis sp.) (Acosta et al., 2007). Thyroxine hormone immersion has been reported to improve 
development and survival of fish larvae in Sterlet sturgeon (Acipenser ruthenus) (Alinezhad et al., 2020), milkfish (Chanos chanos) (Lam 
et al., 1985), and Heteropneustes fossilis (Nayak et al., 2004). Steroid hormone immersion has been widely used for masculinization and 
feminization in fish sex reversal (Pandian and Kirankumar, 2003). The exact route of the hormone molecules from solution to fish 
endocrine system is unclear; however, a prior investigation found that the gonadotropin-releasing hormone (GnRH) of goldfish was 
promptly detected in their plasma after being applied to the gill (Sherwood and Harvey, 1986). Additionally, radiolabeled bovine 
serum albumin (BSA) was found on rainbow trout’s gill and epidermis after immersion in the fluid, suggesting that the gill pillar cells 
may function as entrance points (Smith, 1982). In addition to gill pillar cells, lateral line and oral suction to absorption had also been 
considered (McLean, Donaldson, 1993). Consequently, a mechanism that enables the absorption of hormone at effective levels might 
start from the gills, lateral line and/or oral suction, which ultimately enhances spermiation and spawning. 

In this study, silver rasbora (Rasbora argyrotaenia) that is small fish was used as a model organism to find out the succession of new 
hormone application method. Lack of broodstock (Araki et al., 2008) and spawning dependent on the season (Rouxel et al., 2008) are 
two challenges in the production of fish. The breeding practices for small fish species need to be enhanced in order to address these 
issues. By artificially inducing spawning and spermiation out of the spawning season, the availability of cultured small fish which are 
used as a food or ornamental source can reduce the fishing pressure on natural populations (Mylonas et al., 2010). 

The use of the immersion method for spawning and spermiation induction in fish has not been reported. The purpose of this study 
was to determine the effect of the hormone immersion method on small size freshwater fish species and determine the optimal dose. 
This method will be useful in breeding of small fish species (< 10 g bw and/or < 10 cm length) both for commercial and/or con-
servation purposes. 

2. Materials and methods 

The study was carried out with the School of Health and Life Sciences Universitas Airlangga monitoring and ethical approval (based 
on the letter of assignment from the vice director of academics School of Health and Life Sciences Universitas Airlangga, 467/ 
UN3.1.16/2022). This study consists of two experiments induction by immersion method. The first is Ovaprim™ (Syndel Laboratory 
Ltd., USA) spawning induction and the second is Ovagold™ (Polaris Aqua Ltd., Indonesia) spermiation induction. This research was 
conducted between April and May 2022, the first experiment was conducted at Technical Implementation Unit for Fish and Envi-
ronmental Health Laboratory of Pasuruan (UFEHLP, East Java, Indonesia), and the second was conducted at School of Health and Life 
Sciences Universitas Airlangga (Banyuwangi, East Java, Indonesia). 

2.1. Spawning induction 

2.1.1. Fish origin and husbandry 
A total of 24 females (6.62 ± 0.14 g bw and 7.81 ± 0.15 cm length) and 48 males (5.24 ± 0.45 g bw and 8.02 ± 0.77 cm length) 

were obtained from UFEHLP. In order to optimize maturity and reduce stress on fish during treatment, the male and female were 
stocked separately in the aerated containers (70 × 50 × 50 cm3) for three weeks before the start of the experiment. The experimental 
tank water parameters were tested daily (pH 6.5–7.5, DO 5–8 ppm, T 25 ◦C). Fish were fed at satiation twice a day with a commercial 
feed (39–41 % crude protein and min 5% lipid, PF-500, Prima Feed™, Indonesia). 

2.1.2. Spawning experiment 
For female, applied hormone doses were 0.0 mL/L (Control Group: CF), 0.7 mL/L (Low Hormone Group: LHF), 1.4 mL/L (Medium 

Hormone Groups: MHF), and 2.1 mL/L (High Hormone Groups: HHF). For male, half of these experimental doses were applied and this 
group of male was used only for propagation. The dose arranged according to previous studies and experience (Ningrum et al., 2019). 
First, six female and 12 male fish were placed in separate bowls filled with 1 L unrefined salt water (15 ppt) for two minutes (modified 
from Alimuddin et al., 2011) to apply osmotic shock before hormone application. After osmotic shock, four different doses of hormone 
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(Ovaprim™) were applied to each experimental groups separately for two hours at 25 ◦C. 
Assessing the male sexual maturity, a drop of milt was taken by a gentle strip of abdomen after anesthesia applied (300 ppm MS- 

222). Female sexual maturity was assessed using a catheter (FR 06, OneMed Indonesia) (Kucharczyk et al., 2022) to look for trans-
parent greenish yellow eggs from the urogenital hole after fish were anesthetized with 300 ppm MS-222. 

After induction treatment, one female and two males were mated and expected to lay fertilized eggs on palm tree fibers as spawning 
substrate in a 10 L cylinder plastic container. Mating was obtained at 04:00 p.m. and spawning occurred during night time. 

2.1.3. Spawning parameters 
The spawning parameters observed in this study are latency period, total produced egg, fertilization rate, hatching rate, and 

survival rate of larvae. Latency period, which was checked by direct observation every one hour, is the time between end of hormonal 
immersion and beginning of spawning. Total produced egg was counted in the spawning substrate. Using a light microscope (× 40) 
connected to a video monitor, the diameters of eggs (n = 60) were measured. The diameters of the ovoid-shaped egg were determined 
using the formula: 

Egg diameter =
̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
(D × d)

√
(1)  

where D refers for the larger section and d for the smaller section of the egg. Fertilization rate (FR, %) was counted following formula:  

FR (%) = (total fertilized eggs/total eggs) × 100                                                                                                                             (2) 

Fertilized eggs are shown with a transparent color whereas unfertilized eggs will be cloudy white. Hatching rate (HR, %) was 
obtained using equation:  

HR (%) = (total hatched eggs/total fertilized eggs) × 100                                                                                                                 (3) 

Survival rate of larvae was observed 3 days after hatching (dah). Survival rate (SR, %) larvae was counted using formula:  

SR (%) = (total larvae in 3 dah/total hatched larvae) × 100                                                                                                              (4)  

2.2. Spermiation induction 

2.2.1. Fish origin and rearing 
A total of 40 adult male of silver rasbora (4.91 ± 0.57 g body weight and 7.49 ± 0.45 cm length) was imported from UFEHLP and 

placed in the experiment containers (70 × 50 × 50 cm3) one week before the start of the experiment to reduce fish stress during 
treatment. The temperature of the water was observed at 26–29 ◦C, the dissolved oxygen level was kept approximately at 7 ppm, and 
pH was fixed around 7. Fish were fed at satiation twice a day with a commercial feed (39–41 % crude protein and min 5 % lipid, PF- 
500, Prima Feed™; Indonesia). 

2.2.2. Spermiation experiment 
The experiment doses of Ovagold™ and induction procedures in this treatment were the same with female Ovaprim™ doses and 

treatment methods in the spawning experiment; 0.0 mL/L (Control Group: CM), 0.7 mL/L (Low Hormone Group: LHM), 1.4 mL/L 
(Medium Hormone Groups: MHM), and 2.1 mL/L (High Hormone Groups: HHM). Ten male were used in each experimental group and 
hormone induction time was two hours, after applied two minutes osmotic shock in 15 ppt salty water as explained in spawning 
experiment. Ten hours after hormone induction, the required time for spermiation, from all the experimental specimen milt was 
stripped by slightly pressing the abdomen under anesthesia (300 ppm MS-222) and stored in a 1.5 mL centrifuge tube for sperm 
analysis. 

2.2.3. Milt analysis 
Milt was collected using a micropipette with a sterile micro tip that was adjusted every 0.01 mL (Cejko et al., 2011), and the total 

volume of expressible milt was noted. The volume of milt was determined by dividing the expressible milt by the total body weight of 
the fish. 

Milt was diluted 1000-fold with an immobilizing solution containing 153 mM NaCl in order to prevent sperm aggregation and 
achieve the proper concentration for counting. Sperm concentrations were measured by a hemocytometer (Zadmajid et al., 2018). A 
compound Eclipse E200-LED light microscope connected to a video display (× 100 and × 400 magnification) was used for cell 
counting. 

The sperm motility was analyzed by depositing 1 mL of sperm on a slide glass. The assessments were conducted at a room tem-
perature of 26 ◦C. Sperm motility was measured using a video recorder connected to a threenocular microscope (Eclipse E200-LED, 
Nikon, Japan) (100 × and 400 × magnification). Based on Rurangwa et al. (2004), a semi-quantitative technique was used to 
quantify the sperm motility. 

For staining procedure, a mixture of 1 mL milt and 1 mL eosin 2 % was utilized to assess sperm viability using a light microscope 
(Eclipse E200-LED, Nikon, Japan) connected to a video monitor (× 1000 magnification). The process was examined for 15 s. 
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2.3. Statistical analysis 

Both experiments were carried out in duplicate and arithmetic means of all the data of all the parameters were used in statistical 
analysis. Variance analysis (ANOVA) was used to assess the observed parameters with a 95 % confidence level. The Duncan’s test was 
done with the statistical program SPSS version 7.0 to determine the significance between applied dosages. The results are displayed as 
means ± standard deviation. 

3. Results 

3.1. Spawning induction 

Based on the results, it was known that the CF with a time of 17.67 ± 0.51 h is the longest latency time, but it is not significantly 
different from the LHF (with a latency time of 17.33 ± 1.75 h) (P > 0.05). The fastest latency time occurred in MHF which was 8.67 
± 0.51 h. Meanwhile, in HHF spawning was not occurred (Fig. 1). 

Ovaprim™ treatment using the immersion method with different doses produced more significant effect on the number of eggs 
produced by silver rasbora ovulation (P < 0.05). Considering the results, it is known that the CF produced 2076.17 ± 200.56 eggs was 
the lowest number. The highest number of eggs was collected in the MHF which was 6994 ± 450.42 eggs. Meanwhile, HHF there was 
no spawning because no eggs were produced (Fig. 2). There was no significant difference on egg diameter in all experimental groups 
(P > 0.05). 

Different doses of Ovaprim™ treatment applied by immersion method gave a significant impact on the fertilization rate (FR) of 
silver rasbora (P < 0.05). The results illustrate that an FR of 94.82 ± 0.97 %, the lowest result, was obtained from CF. The MHF 
resulted in the highest FR value, which was 99.22 ± 0.13 % (Fig. 3). 

MHF dose had a significant effect (P < 0.05) on hatching rate (HR), which was 99.06 ± 0.44 %. The LHF, which resulted in a HR of 
96.57 ± 0.79 % was not significantly different from the CF (P > 0.05) (Fig. 3). 

Survival rate (SR) of silver rasbora larvae in CF was calculated 97.74 ± 0.87 % which is a lower value than other experimental 
groups and was not significantly different from the LHF (P > 0.05) which was SR of 98.31 ± 0.68 %. The highest survival rate was 
obtained in MHF 1.4 mL/L, which was 99.07 ± 0.15 % (Fig. 3). 

3.2. Spermiation induction 

pH of the milt for each male experimental groups was recorded 7.8 and also fishy smell and milky color in all group were the same. 
In contrast to hormone application on female, HHM dose showed the best results on male of silver rasbora both on milt volume (Fig. 4) 
and sperm concentration (Fig. 5). 

The shortest duration of sperm motility was observed at Control group (120 s) and the longest at MHM group (124.6 s) but no 
significant differences were seen among them (Fig. 6). The percentages of motility and viability of sperm showed similar tendency. 
While the dose increased, both motility and viability had increased slightly till MHM which was followed by a negligible decrease 
(Fig. 6). 

Fig. 1. Latency periods (h) under different dose of immersed hormone application on silver rasbora (Rasbora argyrotaenia) spawning induction (CF: 
Control Group of Female; LHF: low dose hormone group for female; MHF: medium dose hormone group for female; HHF: high dose hormone group 
for female; n.d.: no data) (n = 6). The columns represent mean values and the bars represent standard deviation (± stdev). Different letters above 
the bars indicated a significant difference (P < 0.05). 
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Fig. 2. Total number of eggs under different doses of immersed hormone application on female silver rasbora (Rasbora argyrotaenia) spawning 
induction (CF: Control Group of Female; LHF: low dose hormone group for female; MHF: medium dose hormone group for female; HHF: high dose 
hormone group for female; n.d.: no data) (n = 6). The columns represent mean values and the bars represent standard deviation ( ± stdev). Different 
letters above the bars indicated a significant difference (P < 0.05). 

Fig. 3. Fertilization, hatching and larval survival rate under different doses of immersed hormone application on female silver rasbora (Rasbora 
argyrotaenia) spawning induction (CF: Control Group of Female; LHF: low dose hormone group for female; MHF: medium dose hormone group for 
female; HHF: high dose hormone group for female; n.d.: no data) (n = 6). The columns represent mean values and the bars represent standard 
deviation (± stdev). Different letters above the bars indicated a significant difference (P < 0.05). 

Fig. 4. Milt volume (μL/g bw) under different doses of immersed hormone application on male silver rasbora (Rasbora argyrotaenia) spermiation 
induction (CM: Control Group of male; LHM: low dose hormone group for male; MHM: medium dose hormone group for male; HHM: high dose 
hormone group for male) (n = 10). The columns represent mean values and the bars represent standard deviation (± stdev). Different letters above 
the bars indicated a significant difference (P < 0.05). 
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4. Discussion 

4.1. Spawning induction 

Hormone immersion method successfully induced silver rasbora spawning. Increased dose of Ovaprim™ gave the tendency of a 
decrease in the latency period and an increase in the total number of eggs, fertilization rate, hatching rate, and survival rate of larvae. 
Meanwhile, no spawning was observed in the highest dose (2.1 mL/L) treatment. High dosages of Ovaprim™ are known to have a 
potential negative impact on the stimulation of fish spawning (Vazirzadeh et al., 2014), thus causing the fish not to be able to spawn, 
while the LHG treatment didn’t lead to spawning around 17 h in this study. Ovaprim™ contains a combination of the hormone 
sGnRH-a and domperidone that has a hormonal role in fish spawning. The hormone sGnRH-a is a pure peptide found in teleostei fish 
and is useful in secreting gonadotropin hormone II (GTH-II) or luteinizing hormone (LH) that trigger final maturation and ovulation 
(Anderson et al., 2013). Domperidone is a commercial medicine that blocks the brain’s dopamine system as a dopamine antagonist. An 
active dopamine system decreased GnRH activity and increased dopamine activity both contribute to the inhibition of ovulation and 
spermiation in captivity, whereas in fish species with a weak dopamine system, decreased GnRH activity contributes almost entirely to 
reproductive disorders. Similar to treatment with a dopamine antagonist alone, GnRH-a medication merely promotes LH secretion; 
however, the most effective treatment is the combination of GnRH-a and domperidone (Mañanós et al., 2009). Hyperosmotic baths as a 
part of treatment increase hormone intake through an osmoregulation mechanism (Schulte et al., 1989) so that it can improve the 
effects. Fish will lose body fluids when immersed in hyperosmotic media. Then when immersed in freshwater media containing 
hormones, the fish will absorb water to replace the previous loss, along with this the fish also absorb the hormones contained in the 
media. 

Based on results, the shortest latency period of spawning occurred in 1.4 mL/L dose treatment (MHF). On the other hand, 
Ovaprim™ induction at optimal doses will accelerate the latency time of spawning (Sahoo et al., 2008). According to the comparison of 
various hormonal preparations, Ovaprim™ is one of the most effective preparations especially in cyprinid fish such as common dace 

Fig. 5. Sperm concentration (106 cell/μL) under different doses of immersed hormone application on male silver rasbora (Rasbora argyrotaenia) 
spermiation induction (CM: Control Group of male; LHM: low dose hormone group for male; MHM: medium dose hormone group for male; HHM: 
high dose hormone group for male) (n = 10). The columns represent mean values and the bars represent standard deviation (± stdev). Different 
letters above the bars indicated a significant difference (P < 0.05). 

Fig. 6. Duration of sperm motility (sec), sperm motility (%) and sperm viability (%) under different doses of immersed hormone application on 
male silver rasbora (Rasbora argyrotaenia) spermiation induction (CM: Control Group of male; LHM: low dose hormone group for male; MHM: 
medium dose hormone group for male; HHM: high dose hormone group for male) (n = 10). The columns represent mean values. 
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(Leuciscus leuciscus) (Kucharczyk et al., 2019), Caspian roach (Rutilus caspicus) (Nargesi et al., 2022), and ide (Leuciscus idus) 
(Kucharczyk et al., 2020). Previous studies also found the same tendency that spawning induction using exogenous hormonal treat-
ment in optimal dose has accelerated spawning latency period in snow trout (Schizothorax zarudnyi) (Rahdari et al., 2014), Labeo rohita 
(Khan et al., 2006), and stripped snakehead (Channa striatus) (Marimuthu et al., 2007). 

Ovaprim™ immersion also affected (P < 0.05) the total number of produced egg obtained after spawning significantly. It is found 
that the total number of egg tends to increase until optimum dose (1.4 mL/L). The number of eggs released is influenced by the level of 
LH in the body which functions to stimulate ovulation in females and spermiation in males (Cejko et al., 2018). In this case, the 
presence of LH is influenced by the interaction of sGnRH-a and domperidone contained in Ovaprim™ which is given as treatments. The 
administration of Ovaprim™ using immersion method on the induction of silver rasbora spawning did not affect the egg diameter. The 
size of egg diameter is influenced by the age of the broodstock, the source of nutrients eaten by the broodstock, and environmental 
conditions (Kohal et al., 2017; Peixoto et al., 2004). Ovaprim™ only works in the process of final maturation and ovulation. The 
process of egg maturation is regulated by the gonadotropin hormone processed and stored in the pituitary gland to go to the gonads. 
Gonadotropin secreted by the pituitary is gonadotropin I (GTH I) which acts to increase the secretion of 17-estradiol which stimulates 
the synthesis and secretion of vitellogenin, while LH triggers the final maturation process so that hormonal induction does not have the 
effect of increasing egg diameter (Nagahama, 1987). In previous studies, silver rasbora spawning induction with different doses of 
Ovaprim™ using the injection method resulted in no significant difference in egg diameter (Ningrum et al., 2019). 

The degree of fertilization increased with increasing dose until the optimal dose (1.4 mL/L). LH levels in the body stimulate final 
maturation completely characterized by germinal vesicle break down (GVBD) in oocytes. Hormones will work normally (optimally) at 
a certain level, decreasing or increasing hormone levels will decrease their biological potential. In the low (suboptimal) dose, there is a 
possibility that the hormone given cannot stimulate the release of gonadotropins optimally so that imperfect egg maturation causes 
fertilization not to take place properly (Dewantoro et al., 2017). In addition, the process of egg fertilization is influenced by the quality 
of eggs and spermatozoa, and the ability of sperm to move spontaneously to enter the micropyle of the egg (Valdebenito et al., 2015). 
The treatment that has been carried out produces the same trend in the hatching rate and survival rate of larvae, where the treatment 
dose of 1.4 mL/L is better than the control treatment and the treatment dose of 0.7 mL/L. Hatching rate and survival rate of larvae are 
related to fertilization rate, which means an increase in fertilization rate will be followed by an increase in hatching rate and survival 
rate (Muchlisin et al., 2007). 

4.2. Spermiation induction 

Ovagold™ immersion successfully induce silver rasbora spermiation. Milt volume and sperm concentration increased following 
raised Ovagold™ doses. Meanwhile, the percentage and duration of sperm motility and sperm viability were not significantly different. 
Ovagold™ contained sGnRH-a and domperidone same with Ovaprim™. In our previous study, silver rasbora spermiation was also 
successfully induced by topical gill and injection of Ovaprim™ (Adawiyah et al., 2019; Budi et al., 2020). 

The pituitary gland can be stimulated by GnRH directly or indirectly to produce hormones that speed up spermiation and increase 
sperm production, while domperidone in Ovagold™ works to block dopamine that prevents LH secretion, which indirectly affects the 
process of spermiation and spermatozoa hydration (Anderson et al., 2013; Krol et al., 2006; Yanong et al., 2009). Consequently, an 
increase in hydration processes that results in an increase in testicular and seminal fluid, as well as an accelerated rate of spermiation or 
spermiogenesis, can be used to explain the rise in milt volume caused by inducing Ovagold™ up to a specific dose (Mylonas et al., 
2017). Moreover, LH induces the production of the steroid hormones 11-ketotestosterone (11-KT) and 17α,20β-dihydroxy-4preg-
nen-3-one (DHP) in the testes’ Leydig cells, which are essential for the process of spermiogenesis (King and Young, 2001). 

According to this study, an increase in sperm concentration is positively associated with an increase in the volume of milt (Fig. 4 
and Fig. 5). Similar findings showed that the hormone therapy utilizing sGnRH-a boosted milt volume and sperm density in Etroplus 
suratensis (Dhas et al., 2017) and some other species (Garber et al., 2009; Kowalski et al., 2012; Zadmajid, 2016). When assessing the 
quality of sperm in teleost, sperm motility and viability are key considerations (Golpour et al., 2015; Kowalski et al., 2012). Exogenous 
hormonal treatment on fish has been claimed to affect the percentage and duration of sperm motility and sperm viability, but dif-
ferences between the control group and fish receiving hormonal treatment have not always been significant (Mylonas et al., 2017), 
which was also evident in this study. 

5. Conclusions 

This study is the first to effectively induce spawning and spermiation using the hormonal technique of immersion. Results showed a 
decrease in the latency time, and a rise in spawning and hatching parameters such as the total number of produced eggs, fertilization 
rate, hatching rate, larval survival rate; also showed an increase in milt parameters such as milt volume and sperm concentration. In 
conclusion, this study indicates that immersion treatment with Ovaprim™ concentrations of 1.4 mL/L and Ovagold™ concentration of 
2.1 mL/L generates remarkable results or responses. It is very common to use injection method for hormone application on big size 
fishes (ie: carp, sea bream, sea bass) but this newly discovered method might be better for small size fish since injection is very difficult 
to them and also the success of the hormone introduction to muscles is suspicious because of the body size. In addition, hormone 
injection is always stressful for the small size fish and may cause mortality. This new method for hormone application may not be 
suitable for big size fish because of the hormone consumption in big volume of water but gives good results for small fish such as silver 
rasbora or most probably on ornamental fish as well. 
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