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ABSTRACT 

 

Nutritional management is a crucial factor in optimizing the reproductive 

performance of fish. This study was aimed to evaluate the histological characteristics of the 

gonads of ramirezi (Mikrogeophagus ramirezi) in response to variations in feed ratios. The 

feeding trial was conducted over a period of 45 days with four different treatments. The 

experimental design involved the administration of artificial feed and Tubifex worms in 

varying ratios: (A) 3:0, (B) 0:3, (C) 2:1, and (D) 1:2. Gonads (testes and ovaries) were 

collected at the beginning and end of the treatment.  Histological analysis using 

hematoxylin-eosin staining, to assess the developmental stages based on tissue structure and 

germ cell stages. Observations revealed significant differences in gonadal maturity levels 

among the treatments. In the testes, treatment A exhibited a predominance of spermatogonia, 

while the treatment with a 1:2 ratio (treatment D) displayed seminiferous tubule lumens 

filled with spermatozoa. The ovaries showed development from Primary Growth Oocyte 

(PG) to the vitellogenic stage, particularly in treatment D. The combination of artificial feed 

and Tubifex worms at a 1:2 ratio (treatment D) significantly accelerated gonadal maturation 

in both male and female M. ramirezi. These findings underscore the importance of 

integrating high-quality natural feed in the management of broodstock and reproduction 

within small-scale aquaculture systems. 
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ABSTRAK  

Pengelolaan nutrisi merupakan faktor penting dalam mengoptimalkan performa 

reproduksi ikan. Penelitian ini bertujuan mengevaluasi histologis gonad ikan ramirezi 

(Mikrogeophagus ramirezi) sebagai respons terhadap variasi rasio pakan. Uji coba 

pemberian pakan dilakukan selama 45 hari dengan empat perlakuan. Rancangan percobaan 

yang digunakan yaitu pemberian pakan buatan dan cacing sutera (Tubifex worm) dengan 

perbandingan rasio yang berbeda.: (A) 3:0, (B) 0:3, (C) 2:1, and (D) 1:2. Gonad (testis dan 

ovarium) diambil pada awal dan akhir perlakuan, untuk analisis histologi menggunakan 

pewarnaan hematoksilin-eosin, guna menilai tahap perkembangan berdasarkan struktur 

jaringan dan stadium sel germinal. Hasil pengamatan menunjukkan adanya perbedaan nyata 

dalam tingkat kematangan gonad antar perlakuan. Pada testis, perlakuan A menunjukkan 

dominasi spermatogonium, sementara perlakuan dengan rasio 1:2 (perlakuan D) 

menunjukkan lumen tubulus seminiferus yang penuh dengan spermatozoa. Ovarium 

menunjukkan perkembangan dari oosit Primary Growth Oocyte (PG) menuju tahap 

vitellogenik, terutama pada perlakuan D. Kombinasi pakan buatan dan cacing sutera 1:2 

(perlakuan D) secara signifikan mempercepat pematangan gonad pada ikan jantan dan betina 

M. ramirezi. Hasil ini menunjukkan pentingnya integrasi pakan alami berkualitas tinggi 

dalam manajemen indukan dan reproduksi pada sistem budidaya skala kecil. 

 

Kata-kata kunci: Mikrogeophagus ramirezi; histologi gonad; cacing sutera (Tubifex \           

                            worm); kematangan reproduksi; strategi nutrisi 

 

 

INTRODUCTION  

 

The reproductive performance of orna-

mental fish is a key parameter in determining 

the success of captive breeding programs, 

particularly for species such as Ramirezi 

(Mikrogeophagus ramirezi), family of Cichlid 

that is highly valued in the global aquarium 

trade (Azizah et al., 2024a). As demand 

increases, there is a pressing need to optimize 

breeding protocols that enhance gonadal deve-

lopment, spawning frequency and overall 

fecundity (Azizah et al., 2024b; Torsabo et al., 

2024). One critical factor influencing repro-

ductive success in fish is nutrition, especially 

during gonad maturation. Nutritional inputs 

not only support somatic growth but also 

playing a crucial role in the regulation of 

endocrine pathways and gametogenesis (Singh 

et al., 2021). 

 Among various dietary sources, live 

feeds such as Tubifex worms (Tubifex sp.) are 

widely known for their high protein content 

and digestibility, which make them beneficial 

for broodstock conditioning (Ghafoor et al., 

2020; Gisbert et al., 2022). However, the use 

of live feed alone may not provide a balanced 

nutrient profile and poses risks related to 

pathogen transmission. Conversely, artifi-

cial diets are formulated to meet specific 

nutritional requirements and offer consis-

tent quality, but they may lack certain 

natural stimulants found in live feed that 

promote reproductive readiness (Glencross, 

2020; Watts and D'Abramo, 2021). The-

refore, combining artificial feed with live 

feed sources in varying ratios could poten-

tially yield synergistic benefits by impro-

ving both the nutritional balance and pala-

tability, thus enhancing gonadal develop-

ment (Gule and Geremew, 2022). 

 Histological analysis of gonads pro-

vides direct evidence of reproductive stage 

and gamete quality, allowing for the assess-

ment of the impact of different fee-ding 

regimes on reproductive physiology (Ab-

dollahpour, 2020; Samal et al., 2025). Pre-

vious studies have demonstrated that die-

tary composition affects not only gona-

dosomatic indices and spawning perfor-

mance but also gonadal histoarchitecture, 

including oocyte maturation in females and 

spermatogenesis in males (Sharma et al., 

2024; Al-Khalaifah et al., 2025). Despite 
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this, limited research has been conducted on 

the histological outcomes of varying feed 

ratios in M. ramirezi. This study was aimed to 

investigate the effect of different ratios of 

artificial feed and Tubifex worms on the 

gonadal histology of Ramirezi, providing 

insight into optimal broodstock nutrition stra-

tegies for ornamental fish aquaculture. 

 

 

RESEARCH  METHODS 

 

Experimental Fish and Feeding Trial 

A total of 120 healthy  M. ramirezi 

(blue electric variety), aged approximately 

three months with an average weight of 0.503 

± 0.140 g, were obtained from ornamental fish 

breeders in the Bogor region. Following an 

acclimation period, ten fish were randomly 

distributed into each of ten aquariums (40 x 30 

x 30 cm³) filled with clean borehole water 

sourced from the University of Lampung. 

Each treatment was conducted in triplicate. 

The experimental design involved feeding the 

fish with different ratios of artificial feed and 

bloodworms: (A) 3:0, (B) 0:3, (C) 2:1, and (D) 

1:2. In treatment A, the fish were given 100% 

artificial feed three times daily. In treatment 

B, the fish received 100% bloodworms three 

times daily. Treatment C involved feeding 

artificial feed at 08:00 and 12:00, followed by 

bloodworms at 17:00. Conversely, in treat-

ment D, bloodworms were administered at 

08:00 and 12:00, followed by artificial feed at 

17:00. 

 

Histology Analysis 

Gonadal histological analysis was con-

ducted by randomly collecting samples from 

fish at the start of the experiment (n = 6) from 

the stock and at the end (n= 9 per treatment 

group). Fish were anesthetized using clove oil 

at a concentration of 1 mL/L, with the ane-

sthetic process lasting approximately 20ï30 

minutes. After anesthetization, the fish trunk 

was dissected and fixed in 10% neutral 

buffered formalin (NBF) for 24 hours, then 

rinsed with 70% ethanol and stored at room 

temperature until further processing. Histolo-

gical preparations were carried out at the 

Lampung Veterinary Center using standard 

procedures: tissues were dehydrated thro-

ugh a graded ethanol series 70%, 80%, 

85%, 90%, 95% I, 95% II, 100% I dan 

100% II  70%, 80%, 85%, 90%, 95% I, 

95% II, 100% I dan 100% II, and then 

embedded in paraplast, next sectioned 

transversely at 5 µm thickness. The sections 

included the full abdominal cavity and were 

stained with hematoxylin and eosin. Gona-

dal development stages were then identified 

microscopically based on the classification 

system by Tang et al. (2015). 

 

Data Analysis 

Data analysis of gonad development 

of ramirezi broodstocks were analyzed 

qualitatively by observing gonad morpho-

logy based on the criteria found and ana-

lyzed descriptively. 

 

 

RESULTS AND DISCUSSION 

 

Microscopic observations of the his-

tological preparations of the testis of M. 

ramirezi reveal that on day 0 (Figure 1a), 

the testicular tissue structure is predomi-

nantly composed of spermatogonia (SG), 

with minimal or no presence of advanced 

germ cells such as spermatocytes (SC), 

spermatids (ST), and spermatozoa (SZ). 

This indicates that spermatogenesis is not 

yet actively occurring, and the testis is in 

the early developmental phase of the repro-

ductive cycle. On day 45 of treatment A 

(Figure 1b), a more active spermatogenesis 

process begins to emerge, evidenced by the 

increased presence of spermatocytes and 

spermatids, as well as the initial appea-

rance of spermatozoa within the tubular 

lumen. The presence of various stages of 

germ cell differentiation suggests a 

progressive activation of testicular function. 

Further development is observed in Figures 

1c to 1e, each representing the testis on day 

45 under treatments B, C and D, respect-

tively.  
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Figure 1. Testicles histology of ramirezi (Mikrogeophagus ramirezi). (a) Testicular day-0;  

                (b) Testicular day-45 at A Treatment; (c) Testicular day-45 at B Treatment; (d)  

                Testicular day-45 at C Treatment; (e) Testicular day-45 at D Treatment. SG,  

                spermatogonia; SC, spermatocytes; ST, spermatids; SZ, spermatozoa; The scale  

                bars in the testicular sections represent 20 µm. 

 

 

 

 

 

 

 

 

 

 


