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       Abstract  

The present experiment aimed to evaluate the effect of Moringa oleifera and Arthrospira platensis leaf powder on 

the breeding performance of guppies, Poecilia reticulata. Four hundred eighty (480) healthy fish were divided into 

eight treatment groups including control (T0), 5% (MT1), 10% (MT2), and 15% (MT3) moringa powder in the 

fish diet, as well as control (T0), 5% (ST1), 10% (ST2), and 15% (ST3) spirulina powder in the fish diet. The fry 

weight of fish fed all spirulina diets was significantly higher in ST1 (6.93±0.09), ST2 (7.00±0.06), ST3 (7.13±0.03) 

compared to control (6.80±0.06). No significant increase in fry weight was observed in moringa diet treatments 

although some increase in fry weight was observed with an increase in moringa concentration in the diet. The fry 

length of fish that were given spirulina diets showed a significant increase in ST1 (7.13±0.03), ST2 (7.17±0.03), 

ST3 (7.17±0.03) when compared to the control group (6.97±0.03). In moringa diet treatments MT1 (7.10±0.00), 

MT2 (7.13±0.03), MT3 (7.13±0.03) also a significant increase in fry length as compared to the control (6.97±0.03). 

The increase in fertility of brooders was also observed with an increase in the concentration of both spirulina and 

moringa concentration in the fish diet. No significant difference in fry survival percentage from control for both 

spirulina and moringa treatments. The findings of the current investigation indicate that incorporating moringa and 

spirulina into the feed can result in favorable reproductive outcomes. 

Keywords: Spirulina, moringa, breeding performance, ornamental fish, fry 

1. Introduction

The trade of ornamental fish has experienced a significant 

increase in value over the last 20 to 30 years. There are 

over 2,500 species of ornamental fish being cultivated 

globally, with 60% being freshwater and 40% marine. 
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From 2000 to 2011, the global exports of ornamental fish 

saw a rise in value from US$ 181 million to US$ 372 

million. Singapore stands out as the top exporter 

worldwide, with the majority of the market's supply 

originating from Asian nations. India possesses immense 

potential for the cultivation of ornamental fish. Although 

India's contribution to the global ornamental fish trade is 

currently less than 1%, the export of Indian ornamental 

fish has experienced a significant positive compound 

growth rate (Sharma, 2020). In terms of export value, this 

growth rate stands at 14.4%, while in terms of quantity 

exported, it is 12.1%, and in terms of unit value, it is 2.1% 

(Rani et al., 2013). Ornamental fish species like guppy 

and neon fish make up more than 14% and 25% of the 

market in terms of value and volume, respectively (Kaur 

et al., 2017). Guppies are among the most common 

tropical fish globally and are also known by other names 

like million fish and rainbow fish. They are the most 

popular freshwater aquarium fish species worldwide 

(Shah et al., 2017; Bisht et al, 2023). Guppies belong to 

the Poeciliidae family, which includes many other 

ornamental fish species (Bisht et al, 2023).  

Protein is a vital nutrient that fish require in their diet. 

When there is an adequate amount of fat and 

carbohydrates present in their diet, protein is utilized for 

the purpose of growth and development. Dietary protein 

is crucial for both the somatic growth and reproduction 

processes of Poeciliidae for fry production to be 

optimized and studies have shown that a minimum of 

30% protein is necessary for fish brood stock (Alexander 

et al., 2004; Ujjwala & Avdhesh, 2020). The influence of 

dietary protein on fish reproduction has been extensively 

studied (Shim et al., 1989). Female fish need to consume 

sufficient protein to facilitate the growth of eggs/embryos 

and ensure successful reproduction. Protein is also 

necessary for the formation of follicles and other ovarian 

tissues, as well as for the growth and development of 

embryos.  

Fish meal is the most preferred protein source in 

aquaculture-formulated fish feed as it has high protein 

content, balanced amino acid profile, high digestibility, 

palatability, and a good source of essential fatty acids 

(Hardy and Tacon, 2002; Jackson, 2006). As demand is 

surging not only from aquaculture but also from the 

livestock and poultry feed industry pressure on the 

limited fish meal supply is increasing and it has become 

costly (Gatlin et al., 2007; Tacon and Metian, 2008; 

IFFO, 2008). At present, there is ongoing research to find 

sustainable replacements for fish meals in ornamental 

fish culture. Unconventional feeds like spirulina and 

moringa, which have protein levels of 62% and 29.4% 

amino acid content in dried form, are being explored as 

protein sources (Bisht et al, 2020; Bisht et al, 2023). 

These alternatives not only replace fish meal but also 

provide essential nutrients such as vitamins, carotenoids, 

and beneficial minerals. Additionally, increasing the use 

of plant protein in fish diets could potentially decrease the 

cost of fish meal and feeds, ultimately reducing its 

demand (Lim and Lee, 2009). 

Moringa oleifera Lam. is a rapidly growing nutritional 

plant that is part of the Moringaceae family. It is 

commonly found in tropical and subtropical regions and 

plays a significant role in the food and medicinal 

industries (Foidl et al 2001). The moringa plant contains 

all ten essential amino acids, as well as Vitamins A, B 

complex, C, E, and carotenoids. The leaves of this plant 

are particularly rich in carotenoids (Moyo et al 2011). 

Studies have shown that moringa leaves contain 

flavonoids, phenolic acids, carotenoids, minerals, 

vitamins, moringinine, alkaloids, sterols, moringine, 

phytoestrogens, and caffeoylquinic acids, all of which 

have immune modulation properties (Al-Malki & Rabey, 
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2015; Anwar et al, 2007). Recently, moringa has been 

reported to reduce stress biomarker levels in different 

animals (Abdel-Latif et al, 2018). 

Microalgae are essential in aquaculture as they provide 

vital nutrients for aquatic animals like mollusks, shrimp, 

and fish. Various algal species are utilized as a source of 

nutrition in aquaculture (Muller-Feuga, 2000). Spirulina 

(Arthrospira platensis) is one of the most commonly used 

microalgae in aquatic animal feeds due to its high protein, 

vitamin, and antioxidant content (Nakagawa and 

Montgomery, 2007). It is a rich source of raw protein and 

contains seven essential vitamins: A1, B1, B2, B6, B12, 

C, and E. Therefore, the current study was carried out to 

assess and compare various dosages of moringa and 

spirulina in relation to the breeding performance of 

guppy, Poecilia reticulate. 

2. Materials and Methods 

Experimental site: 

The current study was carried out in the Wet Laboratory, 

Department of Aquaculture, G. B. Pant University of 

Agriculture and Technology, Pantnagar (Uttarakhand) 

over a period of 90 days. 

Experimental Fish and Design: 

Four hundred eighty (480) healthy and disease-free 

guppy fry (mean weight, 0.13±0.01g & mean length, 

2.29±0.02 cm) were purchased from a local commercial 

aquarium fish supplier, who procured them from Kolkata 

and then introduced into a glass aquarium. These fry were 

acclimatized under controlled indoor conditions with 

adequate aeration for a period of 15 days. This study did 

not require any approval from the Experimental Animal 

Committee of GBPUAT, Pantnagar, as per ethical 

guidelines. Subsequently, the acclimatized fish were 

evenly distributed among 24 experimental groups, with 

each group consisting of 20 individuals.  

Preparation of leaf powder: 

Leaves of M. oleifera and A. platensis were collected 

from the local area. The collected leaves were washed 

adequately with tap water for 2–3 times, followed by the 

collected leaves was soaked in distilled water for 30 min 

to remove the dust. After that, they were dried in the 

shade for seven days and then grinded. After the grinding, 

leaves powder was stored at 4°C. 

Experimental feed:  

The experimental fish diets consisted of moringa and 

spirulina at different percentages: 5% (MT1), 10% 

(MT2), and 15% (MT3) for moringa, and 5% (ST1), 10% 

(ST2), and 15% (ST3) for spirulina. The control group 

(T0) did not contain any moringa and spirulina.  

Proximate composition of experimental feed: 

At the beginning of the study, proximate analysis was 

carried out following AOAC (1995) guidelines to 

determine the moisture, crude protein, crude fat, crude 

fiber, and ash content in the experimental diets. The 

composition of the fish feed ingredients can be found in 

Tables 1 & 2. 
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Table 1: Percentage and Proximate composition of control and moringa experimental diets

  

 

Table 2: Percent and Proximate composition of control and Spirulina experimental diets 

  

Ingredients 

Dietary group (%) 

Control Diet Moringa Diet 

T0 MT1 MT2 MT3 

Fish meal 35.20 33.84 32.45 31.05 

Rice bran 41.50 37.86 34.25 30.65 

Soya bean meal 22.30 22.30 22.30 22.30 

Premix Vitamins + Minerals 1.00 1.00 1.00 1.00 

Moringa leaves powder   5.00 10.00 15.00 

PROXIMATE COMPOSITION 

Moisture (%) 8.56±0.31 8.59±0.31 8.63±0.28 8.67±0.24 

Crude Protein (%) 39.80±0.58 39.82±0.94 39.81±0.22 39.80±0.59 

Lipid (%) 10.50±0.18 9.89±0.18 9.29±0.20 8.68±0.19 

Ash (%) 10.07±0.23 10.22±0.18 10.38±0.14 10.54±0.22 

Crude fibre (%) 9.63±0.16 9.86±0.26 10.10±0.21 10.34±0.20 

Ingredients 

Dietary group (%) 

Control Diet Spirulina Diet 

T0 ST1 ST2 ST3 

Fish meal 35.20 31.05 26.90 22.85 

Rice bran 41.50 40.65 39.80 38.85 

Soya bean meal 22.30 22.30 22.30 22.30 

Premix Vitamins + Minerals 1.00 1.00 1.00 1.00 

Spirulina Powder   5.00 10.00 15.00 

PROXIMATE COMPOSITION 

Moisture (%) 8.56±0.31 8.46±0.12 8.37±0.14 8.19±0.26 

Crude Protein (%) 39.80±0.58 39.8±0.85 39.79±0.16 39.85±0.22 

Lipid (%) 10.50±0.18 10.41±0.15 10.32±0.26 10.04±0.16 

Ash (%) 10.07±0.23 9.78±0.20 9.48±0.20 9.11±0.23 

Crude fibre (%) 9.63±0.16 9.64±0.30 9.66±0.21 9.45±0.27 
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Physico-chemical parameters of water 

During the experimental period, the physico-chemical 

parameters of water including water temperature, 

dissolved oxygen, pH, free carbon dioxide, and total 

alkalinity were monitored on a weekly basis (APHA, 

2012).  

Breeding method: 

To impregnate female guppies, mature male and female 

fishes were kept in a ratio of 1:4 in a separate aquarium. 

The gravid female has a swollen belly with fries inside 

her. Impregnated gravid females have a dark gravid spot 

near her anal fin and a large bulging belly. The gravid spot 

is caused by the fry’s eyes pressing against the female’s 

scales. The gravid females were kept in separate 

aquariums in a breeding net made up of iron wires, as the 

fish has the habit of feeding on their own newborn fries. 

Once the fish released the fries, the brooders were 

removed from the aquarium, and the fries were counted. 

The fries were then provided with the same diet as the 

brooder fish. 

Statistical Analysis: 

The breeding performance data were analyzed using one-

way analysis of variance (ANOVA) through SPSS 22.0 

software. The results were presented as mean ± standard 

error. The variation among the treatments, which was 

tested for significance using analysis of variance 

techniques, was described (Gomez and Gomez 1984). 

3. Results & Discussion: 

In the present studies, fertility per gram of brooders, fry 

survival, and fry length and weight were the parameters 

used to assess the breeding performance of the guppy. The 

breeding performance parameters of the brooder fish for 

different treatments with natural carotenoids 

supplemented with spirulina and moringa (Table 3 & 4). 

The overall weight and length of fry ranged between 

6.80±0.06 mg to 7.13±0.03 mg and 6.97±0.03 mm to 

7.17±0.03 mm respectively from different spirulina and 

moringa treatment. The highest weight and length of fry 

were obtained from ST3, while the lowest was from T0. 

The analysis of variance showed significant differences in 

the length of fries within both spirulina and moringa 

treatments. The post hoc Tukey’s test in spirulina 

treatments showed a significant increment in fry length in 

spirulina-supplemented diets as compared to control 

(p≤0.05) but, no significant difference was shown in fry 

length with increasing spirulina concentration. In fishes 

fed with moringa supplemented diet similar results as the 

spirulina diet were found by Tukey’s test in terms of fry 

length. In spirulina treatments, a significant difference 

was observed in fry weight (p≤0.05), while in moringa 

treatments, no significant difference in fry weight was 

found by analysis of variance. The post hoc Tukey’s test 

on fry weight of spirulina treatments showed that a 

significant increment in the weight of fish was observed 

only between T0 and ST3 treatment, while in other 

treatments no significant increment was found.  

 

Fertility is the number of young ones produced by an 

individual. The fertility of brooders from different 

treatments are given in Tables 3 & 4. The highest fertility 

was found in ST3 treatment (26.17±0.85 fry/g brood 

weight) among spirulina diet and in MT3 treatment 

(25.85±1.61 fry/g brood weight) among moringa diets, 

while the lowest fertility was found in T0 treatment. 

Analysis of variance in spirulina treatments found a 

significant difference in fertility. The post hoc Tukey’s 

test on spirulina treatment showed that, only in control 

and ST3 treatments significant increment in fertility 

occurred while in other treatments no significant 

increment in the fertility were found. In the moringa 

treatments, there was no significant difference in fertility, 
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although an increment in mean fertility was found with 

the increasing moringa concentration in the diet. 

The survival rate of fries in spirulina and moringa 

treatment is presented in Figures 1 & 2. The survival rate 

of fry was calculated after one month of their birth. ST3 

treatment had the highest survival rate (76.00±0.58%) in 

the spirulina diet, while MT3 treatment had the highest 

survival rate (75±1.15%) in the moringa diet. The control 

group T0 had the lowest survival rate (71.33±2.19%). 

There was no significant difference in survival rates 

between the spirulina and moringa treatments, but higher 

concentrations of both led to increased fry survival rates.  

Table. 3: Effect of Spirulina meal on breeding performance of Guppy (Mean±SD)

Values are expressed as means ± SD of three replications. Different superscript letters (a,b,ab,c) showed significant differences in the row 

(P <0.05). 

 

Table. 4: Effect of Moringa meal on breeding performance of Guppy (Mean±SD) 

Values are expressed as means ± SD of three replications. Different superscripts letters (a,b,ab,c) showed significant difference in the row 

(P <0.05). 

Proximate composition of different diets used is given 

in Table 1 & 2. All the seven formulated diets were 

isonitrogenous and isocaloric. Results of water quality 

analysis conducted at weekly intervals showed no 

significant difference between the treatments. The 

water used for reserach had a tempearture of 23 to 26 

ºC, dissolved oxygen of 7.1 to 8.0 mgL-1 , free carbon 

dioxide of 1.4 and 2.4 mgL-1 , total alkalinity of 125 

to 150 mgL-1 and pH of 7.4 to 7.7. 

Several research has shown that plants have the capacity to 

control or enhance fish reproduction. Many bioactive 

compounds found in plants can effectively control the 

reproductive processes in fish (Gabriel, 2019). There have 

been reported cases of plants containing androgenic 

compounds that can disrupt the reproductive cycle of fish 

(Abaho et al., 2022).  

 

 

Parameter T0 ST1 ST2 ST3 

Brood Weight (g) 0.63±0.01a 0.73±0.03b 0.85±0.02ab 1.08±0.05c 

Fry Weight (mg) 6.80±0.06a 6.93±0.09b 7.00±0.06ab 7.13±0.03c 

Fry Length (mm) 6.97±0.03a 7.13±0.03b 7.17±0.03ab 7.17±0.03ab 

Fertility/Gram Brood (No. 

Of Eggs Per Gram Brood) 
20.15±1.40a 23.69±1.30b 25.43±1.26ab 26.17±0.85c 

Parameter T0 MT1 MT2 MT3 

Brood Weight (g) 0.63±0.01a 0.66±0.02b 0.89±0.03ab 0.93±0.01c 

Fry Weight (Mg) 6.80±0.06a 6.87±0.03b 6.93±0.03ab 6.93±0.09c 

Fry Length (Mm) 6.97±0.03a 7.10±0.00b 7.13±0.03ab 7.13±0.03ab 

Fertility/Gram Brood (No. 

Of Eggs Per Gram Brood) 
20.15±1.40a 23.82±1.25b 25.15±2.74ab 25.85±1.61c 
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Figure 1: Effect of Spirulina on fry survival of guppy. Values are means ± SD of three replications. Mean value 

with different superscripts (a,b,ab,c) after significantly (P <0.05)  

 

Figure 2: Effect of moringa on fry survival of guppy. Values are means ± SD of three replications. Mean value 

with different superscripts (a,b,ab,c) after significantly (P <0.05) 
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Many plants that have been shown to improve fertility in 

fish contain bioactive compounds known for promoting 

overall fish health by assisting in detoxification and 

reducing oxidative stress caused by free radicals. This is 

known to regulate and improve various essential body 

functions (Oke et al., 2019). 

Previous research conducted by Sampath and Pandian 

(1984), James and Sampath in 1993, and Jobling in 1998 

has shown that the protein and lipid levels in the diet of 

broodstock significantly impact the successful 

reproduction and survival of offspring. The results of our 

study confirm that including 5% spirulina in diets can 

enhance reproductive performance, which aligns with the 

findings of other researchers (Ghosh et al, 2007; Ujjawal 

& Avdhesh, 2020). Ghosh et al, (2007) reported that 

incorporating probiotics into the diet had a notable effect 

on the breeding success of livebearing fish. The findings 

indicated a rise in fertility, a higher gonadosomatic index, 

better survival rates for offspring, decreased mortality 

and deformities among fry, and improved growth in 

terms of weight and length. The significant increase in 

fertility and weight in ST3 than T0 can be attributed to 

the increased carotenoid concentration in the ST3 diet, 

which is supported by the study of Giiroy et al., (2012) 

on yellow tail cichlid Pseudotropheus sp. acei, assess the 

effect of dietary spirulina meal as a carotenoid source. 

They found that egg production and hatching rate (%) of 

fish, fed with spirulina diets were significantly higher as 

compared to the control diet. Sawanboonchun et al. 

(2008) found an increase in the number of eggs per batch 

spawned, the number per batch of floating eggs/kg 

female and the number per batch of fertilized eggs/kg 

female, when Atlantic cod was fed with dietary 

supplementation carotenoid astaxanthin. Moringa olifera 

seeds are found to enhance of reproductive performance 

(Gad et al., 2019, Bisht et al., 2020). 

In present results, there was no significantly difference in 

the fertility, although increment in mean fertility was 

found with the increasing moringa concentration in the 

diet. These results were attributed to the balanced amino 

acid profile of moringa, in addition, the bioactive peptides 

present enhance fish’s physical performance (Aksnes at 

al., 2006). Despite having a higher amount of carotenoids 

than spirulina the non-significant increase in fertility and 

weight in moringa treatments can be attributed to the 

presence of anti-nutritional factors in the moringa leaves 

(Richter et al., 2003; Makkar and Becker, 1997).  

4. Conclusion: 

The results clearly show that spirulina & moringa meal 

could be used in guppy diets to replace up to 15% of the 

dietary fish meal without causing any adverse effects on 

reproductive performance. Indeed, all fish fed with 

spirulina & moringa diets exhibited higher broodstock 

performance. The Spirulina & moringa meal clearly 

much potential for inclusion in diets for guppy 

broodstock. 
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