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Abstract

The present study investigated the effect of dietary supplementation of different percentages of raw Spirulina platensis (5, 10,
15, 20, and 25% w.w) on growth performance and colour enhancement in guppy Guppy fish red blonde (Poecilia reticulata).
Dietary supplementation was conducted with a commonly used basic fish feed in the ornamental aquaculture sector and the
same commercial feed (Prima 0®) was used as the control treatment. There were significantly high final mean body weight and
mean body length (p<0.05) in the treatments that fish were fed with 5% raw Spiruina platensis incorporated diet. Fish fed with
all the supplemented diets showed a significantly high mean length gain (p<0.05) compared to the control diet. There were no
any significant differences among the specific growth rates (p>0.05) for all the treatments. All the supplemented diets showed
a better feed conversion ratio compared to the control diet, yet there were no any significant differences (p>0.05) between the
supplemented diets. There was a significant difference between the commercial feed and all the Spiruina platensis incorporated
diets in terms of the colour intensity of the fish body (p<0.05). As per the results, incorporation of raw Spiruina platensis leads
to improved growth performances and colour enhancement in guppy fish red blonde. However, the studied incorporation levels
did not show significant differences for the studied parameters in the fish.
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these two pigments with other pigments such as
xanthophylls, = B-carotene,  echinenone, phycocyanin,
zeaxanthin and cryptoxanthin make this micro alga ideal to

1. Introduction

Spirulina platensis is a commercially important micro
algae due to its overall nutritional qualities and it has been
used over centuries as human food, animal feed and as a
dietary supplement. This micro algae can be used as a partial
supplement or a complete replacement of the protein source
in fish feed due to its high protein content [1]. In addition to
the well-balanced major nutrients, Spirulina platensis
contains essential amino acids, essential fatty acids, vitamins,
minerals and pigments, which make this micro algae more
suitable as a feed supplement for ornamental fish.
Phycocynin (blue) and chlorophyll (green) pigments
responsible for blue green colour of Spirulina platensis and

use as a colour enhancement agent for ornamental fish
species [2-5].

Aquarium trade is a rapidly growing sector in the
international pet market and ornamental aquaculture plays a
vital role in supplying the production to cater the rising
demand [6, 7]. Guppy fish Poecilia reticulata is an
ornamental fish with high demand due to its easiness to rare
and breed. Their diversity in the ornamental features such as
fin shape and body colour have made them to one of the most
popular ornamental fish among hobbyists. In addition, guppy
fish are used as a biological model in a variety of
experiments including feeding trials [8, 9, 10].
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In the present context, world tend to use satisfactory
alternative feed supplements in enhancing growth
performances and colourations of ornamental fish. However,
development of aquaculture is retained by financial
limitations which caused by the increasing prices of fish meal
and other protein sources of animal origin. Therefore, the
identification and use of alternative proteins, mainly of plant
origin, are considered a priority to the growth of aquaculture
industry [11-13]. Many different algae species already play
vital role in aquaculture. It is widely known that the addition
of microalgae to larval fish culture delivers a number of
benefits and Spirulina platensis is known for improving
growth performance and enhancing skin pigmentation in fish
[5]. Tt has been examined that a small amount of algae added
to fish diet obviously improves fish growth, lipid
metabolism, body composition, colour and disease resistance
[14-16]. Hence, the aim of the present study was to determine
the effects of different rates of raw Spirulina platensis (5%,
10%, 15%, 20%, 25% on wet weight basis) supplementation
to a common commercial diet on the growth performance
and colour enhancement in guppy fish (Poecilia reticulata);
red blonde variety.

2. Materials and Methods

2.1. Maintenance of Spirulina Platensis
Culture

Zarrouck’s medium was prepared and used as the culture
medium for Spirulina platensis as described by [17]. All the
Spirulina platensis cultures were maintained at Algal Culture
Unit, Aquaculture Laboratory, Uva Wellassa University of
Sri Lanka. Pure strain of Spirulina platensis cultures were
maintained in culture tubes and used to conduct mass
culturing through intermediate cultures. Mass culturing was
done in 4 L transparent plastic bottles. Culture bottles were
covered from the top side by transparent polythene to avoid
contaminations. Samples from each mass culture unit were
observed under the microscope on weekly basis to identify
contamination. Clumps formation and the colour of mass
cultures were observed on daily basis. Throughout the study,
photo period was maintained as 12 hours light: 12 hours
dark. Temperature inside the algal culture unit was monitored
daily. Manual agitation of mass culture bottles and pure strain
culture tubes were done three times per day. Clump
formation occurred after 14 days of starting the mass cultures
and these clumps were harvested and used to prepare the
treatment diets.

2.2. Experimental Design

Experimental study was conducted in indoor conditions
and cleaned glass tanks (30 cm X 15 cm X 15 cm) were used
as the experimental units to keep fish. The experiment
consisted with five treatments (raw Spirulina platensis
incorporated diets) and a control (Commercial feed Prima
0™). Each treatment was conducted in triplicates and the
treatments were allocated by Complete Randomized Design

(CRD). Red blonde male guppy fish were obtained from
Ornamental Fish Breeding and Training Center, National
Aquaculture  Development  Authority (NAQDA) -
Rambadagalla, and were acclimatized for 07 days under
laboratory conditions prior to use for the experiment. Fish
(21-day old) were stocked as 10 individuals per tank and
continuous aeration was provided to each tank. Water quality
conditions in the tanks were maintained daily by siphoning
1/3 of water from the tank bottom followed by adding new
water to compensate the removed amount. A complete water
exchange in the tanks was done once per week. Water quality
parameters such as pH, temperature and dissolved oxygen
(DO; mg/L) were measured on daily basis. This study was
carried out over 60 days to cover the growth I (21-day old to
50-day old) and Growth II (50-day old to 80-day old) stages
of guppy fish.

2.3. Preparation of Feed and Feeding
Strategy

Harvested raw Spiruina platensis clumps were rinsed with
distilled water twice and homogenized manually before
incorporating into the commercial feed. Popular and
commonly used basic commercial feed in ornamental
aquaculture sector in Sri Lanka was used as the control diet
and the same diet was supplemented with raw Spiruina
platensis in different percentages (5, 10, 15, 20, and 25%
w.w) to prepare the treatment diets. Homogenized raw
Spiruina platensis and the commercial feed were mixed
together to prepare the treatment diets and carboxy methyl
cellulose (CMC) was used as the binding agent. From each
diet, 20 g of moist feed were prepared to use over one-week
period and they were stored in a refrigerator at 4°C. Fish
were fed twice a day at a rate of 10% from their body weight
over 60 days.

2.4. Proximate Analysis

Protein content of all the diets were determined according
to AOAC official methods of analysis 928.08 (AOAC, 2000)
by Kjeldahl method. Moisture content of each diet was
analyzed by (AOAC method 950.46; AOAC, 2000) oven
drying method (at 105°C until reached to a constant weight).
The oven dried samples were further utilized to determine the
ash content by the dry ashing method (AOAC method
920.153; AOAC, 2000). The samples were subjected to
550°C in a furnace an overnight. All the diets were analyzed
for their fat content by Soxhlet extraction followed by the
gravimetric method (AOAC method 960.39; AOAC, 2000).

2.5. Carotenoid Content Analysis of
Prepared Diets

Carotenoid pigment contents of all the diets were
measured by UV spectrophotometry method. A sample of 2 g
from each diet was transferred into 10 ml of absolute ethanol.
After 6 hours, the solution was filtered by a filter paper and
the extract was collected. Absorption of carotenoids was
measured at the wave length of 453 nm. Carotenoid pigment
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concentrations were calculated based on the Beer - Lambert
law (A=¢g X x ¢ x d).

2.6. Measuring Growth Parameters

Growth parameters including live body weight and length
of each fish were measured at every two weeks interval over
the study period. Weight of each fish in each tank was

measured by an analytical balance (with a precision of 0.001
g) and length was measured by a digital vernier caliper (with
a precision of 0.1 mm). Weight gain, length gain, specific
growth rate (SGR), feed conversion ratio (FCR) and survival
rate (%) were measured as described elsewhere as follows
[18].

Weight gain (g) = Mean final weight - Mean initial weight

Length gain (cm) = Mean final length (cm) - Mean initial length (cm)

—b + Feed (g) consumed by the fishvb? — 4ac

Feed conversion ratio (FCR) =

Number of harvested fish x 100
Number of stocked

Survival rate (%) =

2.7. Analysis of Colour Enhancement

Photographs of all 10 fish in each tank were taken before
starting the feeding trials, after one month and after two
months by Canon EOS 1300D camera to measure the
intensity of their body colour. All photographs were taken
with 90° angle with 1/100 second exposure time. Camera was
used in 10 cm of distance above the specimens allowing the
capturing of whole fish to the image. The images were
analyzed by imagelJ software [19]. Pictures were opened in
RGB mode. Measurements were processed along the fish tail
and close to the tail. In each position, five repetitions were
recorded, and the average value was used to evaluate the
colour enhancement [20].

Weight (g) gain of the fish (W2 — W1)

2.8. Statistical Analysis

Significant differences among the treatments were
identified by Tukey Test and one-way ANOVA at the
significance level of p = 0.05. All the structured designs and
data were analyzed using MS Excel 2007 and Minitab 17
software packages.

3. Results

3.1. Results of Proximate Analysis in Each
Diet

As indicated in the Table 1, protein content and the fat
content of the diets increased with the increase of the
percentage of raw Spirulina platensis in the diet.

Table 1. Protein, fat, moisture and ash contents (%) of studied diets.

Diet Protein (%) Fat (%) Moisture (%) Ash (%)
Commercial feed 42.00 10.00 10.00 12

5% raw Spirulina platensis incorporated diet 429 9.75 13.76 11.55
10% raw Spirulina platensis incorporated diet 43.8 9.5 17.53 11.1
15% raw Spirulina platensis incorporated diet 447 9.25 21.29 10.56
20% raw Spirulina platensis incorporated diet 45.6 9 25.06 10.2
25% raw Spirulina platensis incorporated diet 46.5 8.75 28.82 9.75

3.2. Carotenoid Concentrations of Studied Diets

Increase of carotenoid contents in the diets were observed with the increase of raw Spirulina platensis percentage in the diet

Table 2.

Table 2. Carotenoid contents (mg/ml) of studied diets.

Diet type

Carotenoid content (mg/ml)

Commercial feed

5% raw Spirulina platensis incorporated diet
10% raw Spirulina platensis incorporated diet
15% raw Spirulina platensis incorporated diet
20% raw Spirulina platensis incorporated diet
25% raw Spirulina platensis incorporated diet

0.03
0.06
0.07
0.07
0.09
0.10

3.3. Growth Performance of Guppy Fish
3.3.1. Mean Body Weight

The mean body weights of guppy fish fed with different diets at the end of study period (60 days) were shown in Figure 1.
Significantly (P<0.05) high mean body weight (0.45 + 0.09 g) was observed in guppy fish fed with 5% raw Spirulina platensis
incorporated diet the lowest mean body weight (0.36 = 0.13 g) was observed in guppy fish fed with the commercial diet
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(Figure 1).
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Figure 1. Mean body weight of guppy fish over the study period (21-day old to 80-day old).

*The treatments that are not significantly different shares the same letter

3.3.2. Mean Body Length

The mean body lengths of guppy fish fed with different diets at the end of study period (60 days) were shown in Figure 2.
The lowest mean body length (27.65 + 3.92 mm) was observed in guppy fish fed with the commercial feed. Significantly
different (P<0.05) high mean body length (33.45 £ 3.21 mm) was observed in guppy fish fed with 5% raw Spirulina platensis
incorporated feed after the study period.
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Figure 2. Mean body length of guppy fish over the study period (21-day old to 80-day old).
*The treatments that are not significantly different shares the same letter

3.3.3. Body Weight Gain of Fish

The mean body weights gains of guppy fish fed with different diets at the end of study period (60 days) were shown in
Figure 3. The highest weight gain (0.37 = 0.04 g) was recorded in guppy fed with 5% raw Spirulina platensis incorporated diet
and the lowest body weight gain was (0.33 + 0.05 g) in guppy fed with commercial feed. There were no significant differences
(P>0.05) among different treatments (Figure 3).
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Figure 3. Mean weight gain of guppy fish over the study period (21-day old to 80-day old).

*The treatments that are not significantly different shares the same letter

3.3.4. Body Length Gain of Fish

The mean body length gains of guppy fish fed with different diets at the end of study period (60 days) were shown in Figure
4. The highest value for body length gain (16.44 + 1.21 mm) was observed in guppy fish fed with 5% raw Spirulina platensis
incorporated diet. The lowest length gain (11.25 + 2.16 mm) was shown in guppy fish fed with the commercial diet. There
were no significant differences (P>0.05) among the raw Spirulina platensis incorporated diets in terms of mean body length
gain, except between the 25% Spirulina platensis incorporated diet and the control diet (Figure 4).
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Figure 4. Mean body length gain of guppy fish over the study period (21-day old to 80-day old).

*The treatments that are not significantly different shares the same letter

3.3.5. Specific Growth Rate (SGR)

There was no significant difference (P>0.05) among the mean specific growth rate of fish due to different treatments.
However, the highest value for the specific growth rate (0.04 + 0.01 days') was recorded for the fish fed with 5% raw
Spirulina platensis incorporated diet (Figure 5).
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Figure 5. Mean Specific growth rate of guppy fish over the study period (21-day old to 80-day old).

*The treatments that are not significantly different shares the same letter

3.3.6. Feed Conversion Ratio (FCR)

The lowest feed conversion ratio was recorded as 1.43 + 0.06 in guppy fish fed with 5% raw Spirulina platensis
incorporated diet whereas the highest (2.06 + 0.09) was observed in fish fed with commercial feed. There were no significant
differences (P>0.05) among the Spirulina platensis incorporated treatment diets (Figure 6).
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Figure 6. Feed conversion ratio of guppy fish.

*The treatments that are not significantly different shares the same letter

3.4. Body Colour Enhancement

The lowest mean of pixel value 110.94 + 0.02 was shown by guppy fish fed with 25% raw Spirulina platensis incorporated
diet whereas the highest mean of pixel value 119.9 + 0.0 was recorded for the fish fed with the commercial feed. However,
there were no significant differences (P>0.05) among the different Spirulina platensis incorporated diets (Figure 7). Means
which have higher values represent the lowest colour intensities by imageJ software while the lower values represent the
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higher colour intensities.
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Figure 7. Mean pixel values for body colour of 80-day old guppy fish.

*The treatments that are not significantly different shares the same letter
3.5. Survival Rate

Survival rate was 100% in all treatments throughout the
60-day experimental period.

4. Discussion

Alternative feed supplements of plant origin in enhancing
growth performances and colourations of ornamental fish to
replace fish meal and other protein sources of animal origin
which are of high cost are considered a priority in the growth
of aquaculture industry [11-13]. Commercial importance
Spirulina platensis due to its overall nutritional qualities and
its use as a partial supplement or a complete replacement of
the protein source was well documented [1]. In addition to
the well-balanced major nutrients, Spirulina platensis
contains essential amino acids, essential fatty acids, vitamins,
minerals and pigments [2, 3]. In the present study also the
increase of protein in the diet with the increase of percentage
of Spirulina platensis in the diet is observed.

With the increase of the percentage of incorporating raw
Spirulina platensis, the growth performances showed a
declining trend. Similar results have been reported after a
study conducted with  Spirulina  platensis  dietary
supplementation for tilapia fish [21]. Higher replacement
levels did not produce further improvement in fish growth, but
the values were numerically higher than those of the parrot fish
fed the control diet [22]. Dietary replacement of Spirulina
platensis can alter the body composition of the fish changing
the protein and the lipid content of the tissues [14]. In addition
to the high protein content, Spirulina platensis contain
essential amino acids, gamma linolenic acid, beta carotene,
phycocyanin pigments and vitamins and minerals in adequate

quantities [23]. Therefore, Spirulina platensis can be directly
used as a feed supplement without adding any other nutrient.
Similar results have been reported by a previous study as, 5%
supplementation of powdered Spirulina platensis resulted in
higher body weight gain in Girella punctata (Gray) [24]. In
addition, incorporation of powder form 5% Spirulina platensis
meal gained significant enhancement of growth and feed
utilization in one-year old red sea bream [14]. In general,
Spirulina  platensis  incorporated diets showed Dbetter
performances in the present study. Fish fed with commercial
diet showed the lowest mean length and lowest mean body
weight values in both Grow out I and Grow out II stages. Fish
fed with the commercial diet showed the lowest mean body
lengths in Grow out I (24.94 £ 33.99 mm) and in Grow out II
(27.65 + 3.92 mm). In terms of mean body weight and body
length gain, raw Spirulina platensis incorporated diets have
significantly higher body weight gain (0.25 + 0.05 g) and
length gain (13.14 + 3.54 mm) in Grow out I. The lowest
weight gain and length gain was observed in the fish fed with
the commercial diet. In Grow out II, best weight gain (0.37 +
0.04 g) and significantly high length gain (16.44 £ 1.21 g)
showed in fish fed with 5% raw Spirulina platensis
incorporated diet. Spirulina platensis has no cellulose cell wall
and it helps in better digestion and adsorption that leads to
better digestibility of protein and fat. Thus, dietary
supplementation of Spirulina platensis leads to enhanced
nutrient absorption [25].

Growth of guppy fish fed with a 5% raw Spirulina
platensis incorporated diet showed the most favorable length
by reaching total length up to 31.47 mm after 30 days (Grow
out I) and up to 33.45 mm length after 60 days (Grow out II)
with 100% survival rate. The highest length was observed in
fish fed with 5% raw Spirulina platensis incorporated diet
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with mean body weight (0.38 £ 0.06 g) in Grow out I and
maximum average body weight (0.45 + 0.09 g) in Grow out
II. A higher specific growth rate (0.04 + 0.00 days 1 in
guppy fish at Grow out I was observed in the fish fed with
5% raw Spirulina platensis incorporated feed. The lowest
specific growth rate values in Grow out I (0.03 + 0.00 days ™)
and the lowest in Grow out II (0.03 + 0.01 days ") were
observed for the commercial diet. The lowest feed
conversion ratio (1.43 + 0.06) was measured in guppy fish
fed with 5% raw Spirulina platensis incorporated diet and the
highest value (2.06 + 0.09) of food conversion ratio was
found for the commercial diet.

Dietary incorporation of Spirulina platensis does not affect
the survival rates of Angel fish (Pterophyllum scalare) if the
water quality parameters are maintained in optimum
conditions [26]. In the present study also, the survival rates of
fish were not affected by different diets. Spirulina platensis
dried powder supplementation (40%) in the diet for guppy
fish has a positive effect on the growth and feed conversion
(1.090 + 0.044), yet this study has not reported significant
differences for mean final body weights of the studied fish
[9]. In the present study, the dietary incorporation of lower
parentages of raw Spirulina platensis demonstrated better
growth performance.

Feeding tilapia with Spirulina platensis in the first period
of larval development could accelerate their growth [27]. In
the present study, all raw Spirulina platensis incorporated
diet showed high rates of growth performance in Grow out I.
The lesser improvement in later stage could be due to the
reduction of protein requirement with the aging of fish. Use
of raw Spirulina platensis dietary supplementation for
juvenile tilapia has showed to be effective over the control
diet used [28]. The present study also used raw Spirulina
platensis for feed supplementation. Use of raw form is
effective than using powder form as it is cost effective and
favorable in keeping the original nutritional properties.
Drying or heating can lead to destroy some vitamins like heat
unstable nutrients.

In the present study, highest carotenoid content was
observed in 25% raw Spirulina platensis incorporated diet. It
could be due to high amount of carotenoid content in
Spirulina platensis. As a pigmentation additive, Spirulina
platensis has been used to enhance the colour of different fish
species such as red tilapia, Mekong giant catfish, gold fish,
prawn, and rainbow trout [20, 29-31]. Phycocynin (blue) and
chlorophyll (green) pigments responsible for blue green
colour of Spirulina platensis and other pigments such as
xanthophylls, = B-carotene, echinenone, phycocyanin,
zeaxanthin and cryptoxanthin make this micro algae ideal to
use as a colour enhancement agent for ornamental fish
species [4, 5]. Increase of the levels of Spirulina platensis in
the diet was led to colour enhancement in rain bow trout
flesh. The highest levels of fillet pigmentation and carotenoid
deposition were found in highest Spirulina platensis powder
added diet [20]. In this study also 25% raw Spirulina
platensis added diet showed the best result in both grow out
stages. For the whole experimental period, 25% raw

Spirulina platensis added diet showed the highest mean, but
overall result showed nearly similar mean values. Similar
results have been reported for African sharp tooth catfish,
striped jack, sweet smelt fish and Mekong giant catfish with
the Spirulina platensis addition to the diets by previous
studies [30, 32-34]. Use of 8% Spirulina platensis as a
dietary supplementation led to give improved coloration in
sword tail fish (Xiphophorus hellerii) [35]. However, the
present study did not show any significant differences among
the colouration of fish with the incorporated different
percentages of Spirulina platensis levels.

5. Conclusion

As per the results gained in this study, all the raw Spirulina
platensis  incorporated diets showed better growth
performance in terms of mean body weight, mean body
length, specific growth rate and mean length gain in guppy
fish over the control diet used. All the raw Spirulina platensis
incorporated diets showed enhanced body colour in fish with
compared to the fish fed with the commercial diet although
not significantly different.
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