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A b s t r a c t

As a newly domesticated fish species, silver rasbora (Rasbora argyrotaenia) farming needs 
more basic knowledge about culture procedures. Feeding management is basic crucial 
information in the farming system of many species. This study purposes to evaluate the growth 
and feed efficiency of silver rasbora fry reared under different feeding frequencies. The feeding 
treatments of fish were divided into 4 different feeding frequency treatments (1, 2, 3, and 4 times 
daily), each treatment consisted of 5 replicates with 20 fish. Fish were fed ad satiation.  
The effects of feeding frequency on growth were determined by calculating the parameters 
namely body weight gain, biomass gain, specific growth rate, and feed conversion ratio. Based on 
the results, different feeding frequency has a significant effect (P < 0.05) on all parameters.  
The growth was higher with increasing feeding frequency; the highest growth was occurred on 
the most frequently feeding. The best growth was observed in 4 times daily feeding (final body 
weight: 0.45 ± 0.01 g/fish, bodyweight gain: 0.19 ± 0.00 g/fish, biomass gain: 5.58 ± 0.09 g, specific 
growth rate: 1.34 ± 0.06 %/day); meanwhile, feed conversion ratio decrease and showed  
the lowest value on 4 times daily feeding frequency treatment (1.56 ± 0.04). Referring to the 
growth parameters and the lowest feed conversion ratio was obtained for fish fed 4 times daily. It 
can be concluded that feeding 4 times daily as optimum feeding frequency in the present study 
resulted in better growth and feed conversion ratio during the rearing of silver rasbora.
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Introduction

Silver rasbora (Rasbora argyrotaenia); belong to the family Danioni-
dae (Cypriniformes order) with maximum length 12 cm; naturally distrib-
uted in Philippines, Malaysia, Cambodia, Thailand, and Indonesia (Ary-
ani 2015, Kusuma et al. 2017, Capuli and Bailly 2022). As newly domes-
ticated species in Indonesia, silver rasbora has economic values for con-
sumption and ornamental fish (Adawiyah et al. 2019, Herawati et al. 
2018). Silver rasbora wild captures still become the main fulfillment of 
the market demands because aquaculture is limited (Budi et al. 2020, 
Rosadi et al. 2014). Silver rasbora as under development aquaculture spe-
cies needs more basic information about its farming procedures to over-
come overfishing in the wild (Szmyt et al. 2013, Budi et al. 2020, Salma-
tin et al. 2021). 

Feeding management is basic crucial information in the farming of 
many species (Ben et al. 2016, Tiamiyu et al. 2018). A good feeding prac-
tice involves providing an efficient feedstuff at the right time, amounts, 
and form for the optimal fish growth (Okomoda et al. 2019). Overfeeding 
and underfeeding lead to inefficient production. Overfeeding cause a sig-
nificant reduction in water quality (decreasing dissolved oxygen and 
increasing ammonia content), reducing feed growth and utilization, and 
increased susceptibility to infection because of stress due to poor water 
quality (Dwyer et al. 2002, Ng et al. 2000, Schnaittacher et al. 2005). 
On the other hand, underfeeding has a direct impact on the production 
period because growth slows down due to the fish population are partially 
starved (Booth et al. 2008, Küçük et al. 2014, Mihelakakis et al. 2002, 
Oh and Maran 2015). 

Application of optimal feeding regimes can optimize the production 
period, maximize utilization of feed, improve the rearing media (water 
qualities), and increase the uniformity of fish size until harvest (Dwyer  
et al. 2002, Oh et al. 2013, Oh and Maran 2015, Silva et al. 2007, Zhou 
et al. 2003). These regimes vary for different species, size/age/stadia, the 
composition of feed, and rearing media (Cho et al. 2003, Lee et al. 2000, 
Wang et al. 1998, Xie et al. 2011). Previous study about feeding frequen-
cies have shown effect on growth, survival, and social interactions on fry 
and juvenile of some species namely African catfish (Clarias gariepinus) 
(Okomoda et al. 2019), Korean rockfish (Sebastes schlegeli) (Lee et al. 
2000), gibel carp (Carassius auratus gibelio) (Zhou et al. 2003), yellowtail 
flounder (Limanda ferruginea) (Dwyer et al. 2002), gilthead sea bream 
(Sparus aurata) (Mihelakakis et al. 2002), and rock bream (Oplegnatus 
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faciatus) (Oh and Maran 2015). Meanwhile, studies on the effect of feed-
ing frequency on silver rasbora have never been conducted. 

This study aims to evaluate the growth and feeding efficiency of silver 
rasbora fry reared under different feeding frequencies. 

Materials and Methods

Origin of fish and acclimation

This study was conducted from February to March 2019 in the labora-
tory and aquaculture facilities of Airlangga University, Banyuwangi Cam-
pus (East Java, Indonesia). This research was conducted under the over-
sight and approved by Marine Sciences Faculty of Airlangga University 
(based on assignment letter from Dean of Marine Sciences Faculty of Air-
langga University, 1851/UN3.1.16/PPd/2018). 

The fry were obtained from silver rasbora breeding program in aqua-
culture facilities of Airlangga University, Banyuwangi Campus. All fish 
were transferred to 20 glass aquaria (volume 60 l; 30 fish/aquaria) and 
acclimated for 1 week. Fish were fed on commercial dry pellets (PF-1000, 
Prima Feed™, Indonesia; size 1.3-1.7 mm; crude protein 39-41%; crude 
lipid 5%; moisture 6%; ash 15%; water 15%) during acclimation twice daily 
on ad satiation. 

The parameters of water quality were monitored daily during experi-
ment including temperature (25–28 ºC), pH (7.6–8), dissolved oxygen (6.0–
6.7 mg/l), total dissolved solid (143–203 mg/l), and total ammonia nitrogen 
(0.033–0.058 mg/l). 

Experimental design

The feeding trials of fish were divided into 4 different feeding fre-
quency treatments consisted 5 replicates with 20 fish (initial body weight 
can see in Table 1). Feeding frequency trials were carried out are 1 (T1), 2 
(T2), 3 (T3), and 4 (T4) times daily. Fish were fed ad satiation. Schedule of 
feeding time can be seen in Table 2. All feeding frequency trial groups 
were used commercial dry pellets (same as the diet in the acclimation 
period) on ad satiation, no excess of feed in all aquariums. Experiments 
were carried out for 40 days. Every 10 days, fish body weight was mea-
sured.  
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Table 1
The initial average body weight (BWi, mean ± SD, n = 5) of silver rasbora  

(Rasbora argyrotaenia) fry

Parameters
Treatment

T1 T2 T3 T4
BWi (g/fish) 0.26 ± 0.01 0.26 ± 0.01 0.27 ± 0.02 0.26 ± 0.01

Tabel 2
Feeding time of silver rasbora (Rasbora argyrotaenia) fry with different feeding frequency 

treatments

Treatment Feeding schedule
T1 08.00-09.00 – – –
T2 08.00-09.00 17.00-18.00 – –
T3 08.00-09.00 12.30-13.30 17.00-18.00 –
T4 08.00-09.00 11.00-12.00 14.00-13.00 17.00-18.00

T1, T2, T3, and T4 are 1, 2, 3, and 4 times daily feeding frequency treatment.     

Observed parameters

The effects of feeding frequency on growth were determined by calcu-
lating the parameters namely body weight gain (BWG), biomass gain (BG), 
specific growth rate (SGR), and feed conversion ratio (FCR) with the fol-
lowing formula: 

BWG [g/fish] = (BWf - BWi)
BG [g] = (Nf BWf - Ni BWi)

SGR [%/day] = (ln BWf - ln BWi) / t)
FCR = FC/(Nf BWf - Ni BWi)

where:
BWi and BWf	 –  the initial average body weight [g] and the final average body weight [g]
Ni and Nf	 –  the initial number and the final number of larvae
t	 –  the experiment duration in days
FC	 –  amount of feed consumption during experiment.

A total 20 grams of feed was weighed at the beginning of the study and 
the remaining feed was weighed at the end of the study, the FC value was 
the difference between the weight of the initial feed and the rest of the feed.

Data analysis

The distribution and homogeneity of data were analyzed; all data have 
normal distribution and homogeneity of variances. Then, data were ana-
lyzed statistically by analysis of variances (ANOVA) test at 95% confi-
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dence level and continued with Duncan Multiple Range Test (DMRT) 
using SPSS 17.0 software.

Results

The growth of silver rasbora fry reared with different feeding fre-
quency showed in Table 3. Based on the data, different feeding frequency 
has significant effect (P < 0.05) on all parameters. At the end of study, the 
average of final body weight (BWf), body weight gain (BWG), biomass gain 
(BG), specific growth rate (SGR), and feed consumption (FC) showed  
a similar tendency between treatments; increase sequentially from treat-
ment T1 to T4. Feed consumption (FC) not significantly different on treat-
ment T1, T2, and T3 (P > 0.05); meanwhile, feed conversion ratio (FCR) 
decrease and showed lowest value on T4 (1.56 ± 0.04). 

The growth was higher with increasing of feeding frequency; the high-
est growth was occurred on the most frequently feeding. The best growth 
was observed in T4 (Bwf: 0.45 ± 0.01 g/fish, BWG: 0.19 ± 0.00 g/fish, BG: 
5.58 ± 0.09 g, SGR: 1.34 ± 0.06 %/day).

Table 3
The final average body weight (BWf), body weight gain (BWG), biomass gain (BG), specific 

growth rate (SGR), feed consumption (FC), feed conversion ratio (FCR), and survival rate (SR)  
of silver rasbora (Rasbora argyrotaenia) fry reared with different feeding frequency for 40 days 

Parameters
Treatment

T1 T2 T3 T4
BWG [g/fish] 0.06c ± 0.01 0.12b ± 0.02 0.13b ± 0.03 0.19a ± 0.00

BG [g] 1.86c ± 0.23 3.54b ± 0.68 3.90b ± 0.76 5.58a ± 0.09
SGR [% /day] 0.53c ± 0.08 0.92b ± 0.18 1.00b ± 0.22 1.34a ± 0.06

FC [g] 4.42c ± 0.53 7.68b ± 0.41 8.08ab ± 0.55 8.76a ± 0.21
FCR 2.41a ± 0.42 2.23a ± 0.39 2.11a ± 0.26 1.56b ± 0.04

SR [%] 100 100 100 100
Values (mean ± SD, n = 5) with different superscripts in the same row are significantly different 
(P < 0.05). T1, T2, T3, and T4 are 1, 2, 3, and 4 times dialy feeding frequency treatment.

Discussion

The increased growth and improvement feeding efficiency of fish due 
to increased feeding frequency were demonstrated by several previous 
studies (Oh and Maran 2015, Okomoda et al. 2019, Wang et al. 2007). In 
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the current study, we were able to reveal that the growth (showed by value 
of BWG, BG, and SGR; Table 2) and FCR of silver rasbora fry significantly 
decreased until four meals per day. 

The results showed that the optimum feeding frequency for silver ras-
bora fry was occurred in higher feeding frequency treatment (4 time/day) – 
Table 2, because at this treatment the fish had higher value of BWG, BG, 
and SGR; but lower FCR compared with other less feeding frequency treat-
ment. The optimal feeding frequency for growth of fish varies widely 
depending on species and size (Oh and Maran 2015). For example, Korean 
rockfish (Sebastes schlegelii) juveniles (initial weight 5.7 g) with feeding 
frequency 1 time/day grew faster and converted feed more efficient than  
1 time/2 days of feeding (Lee et al. 2000). On the other hands, the optimal 
feeding frequency of juvenile yellowtail flounder (Limanda ferruginea) 
with 6.8 g initial weight had 2 times/day (Dwyer et al. 2002), juvenile 
hybrid sunfish (male Lepomis macrochirus ´ female Lepomis cyanellus) 
with 7.4 g initial weight had 3 times/day (Wang et al. 1988), post-larvae 
ayu (Plecoglossus altivelis) with 0.15 g initial weight had 4 times/day (Cho 
et al. 2003), and juvenile gibel carp (Carassius auratus gibelio) with 3.0 g 
initial weight had 24 times/day (Zhou et al. 2003). 

Fish fed more frequently eat a larger amount of food than those fed at 
lower frequencies, but the individual feed consumption size was smaller 
(Dwyer et al. 2002). Fish achieve this by improving their stomach volume 
and becoming hyperphagic (Rouhonen et al. 1998). The digestibility ratio 
is related to the frequency of meals depending on the volume of the stom-
ach (Grayton and Beamish 1977, Jobling 1983, Rouhonen et al. 1998), 
the interval of meals (Biswas et al . 2010, Liu 1999), and the rate of gastric 
emptying (Lee et al. 2000). Data regarding daily feed intake patterns will 
provide important information regarding the timing of feeding and the 
amount of feed provided at each feed to increase the growth of silver ras-
bora. 

In present study, FCR was affected by feeding frequency is similar 
with other previous research of Asian sea bass (Lates calcarifer) (Salama 
2008), Clarias gariepinus (Aderolu et al. 2021, Jamabo et al. 2015), and 
Black Sea trout (salmo trutta labrax) (Başçinar et al. 2007). In line with 
growth parameters, best FCR was occurred in most of frequently feeding 
(4 times/day feeding frequency). Similar tendency of relation between FCR 
and growth that affected by feeding frequency was also occurred in previ-
ous study in some species, for example Asian sea bass (Lates calcarifer) 
(Salama 2008), hybrid sunfish (male Lepomis macrochirus ´ female Lep-
omis cyanellus) (Wang et al. 1988), Australian snapper (Pagrus auratus) 
(Tucker et al. 2006). 
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Referring to the growth parameters and the lowest FCR were obtained 
for fish fed 4 times daily, although further studies should be conducted to 
investigate the effect of more frequent feeding. It can be concluded that 
feeding 4 times daily as optimum feeding frequency in the present study 
resulted in better growth and FCR during the rearing of silver rasbora.
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