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The utilization of vegetable waste as an alternative feed source in aquaculture is gaining interest
due to its sustainability and potential benefits for fish growth and health. This study, conducted
from June 2022 to September 2022, aimed to evaluate the impact of vegetable waste-based diets
on pigmentation in two popular ornamental fish species, Goldfish (Carassius auratus) and Black
Mollyfish (Poecilia sphenops). Fish were fed three different diets: F-1 (Commercial feed), F-2
(Control feed), and F-3 (Experimental feed incorporating vegetable waste, including cabbage
leaves, cauliflower stems, and sponge gourd peel) for a duration of 3 months. The effects of these
diets on the color intensity of pigments were assessed using spectrophotometry. Results indicated
a survival rate of 100% in Goldfish and 66.67% in Black Mollyfish. The highest pigment
concentration at 475 nm was observed in Goldfish, with a value of 0.033+0.000 pug/g, compared
to 0.032+0.000 pg/g in Mollyfish on the experimental feed. The findings suggest that Goldfish
exhibited better adaptation to vegetable waste-based feed than Black Mollyfish, particularly in
terms of pigmentation enhancement. These results demonstrate the potential of using vegetable
waste as a viable alternative feed for ornamental fish, contributing to sustainable aquaculture
practices.

Vegetable waste, Aquaculture, Fish pigmentation, Goldfish (Carassius auratus), Black Mollyfish
(Poecilia sphenops), Alternative feed sources, Ornamental fish.

Ornamental fish farming is a thriving global industry, valued for its aesthetic and economic
contributions. The vibrant coloration of species like goldfish (Carassius auratus) and mollyfish
(Poecilia sphenops) is a critical factor determining their market value (Villar-Martinez et al., 2013).
However, achieving optimal pigmentation in captivity often requires costly feed supplements,
such as synthetic carotenoids or fishmeal. The rising cost of aquafeed, which constitutes 60-70%
of aquaculture input costs, necessitates sustainable alternatives (Patel et al., 2023). Vegetable
waste, rich in natural carotenoids, presents a promising solution to reduce feed costs while
enhancing fish coloration and promoting environmental sustainability.

This study explores the use of vegetable waste as a primary feed component, supplemented with
spirulina, to enhance pigmentation in goldfish and mollyfish. Goldfish, known for their golden and
red hues, and mollyfish, valued for their diverse color patterns, were selected as model species
due to their popularity and distinct pigmentation mechanisms. The research aims to compare the
efficacy of vegetable waste-based feeds against commercial diets, assess interspecies differences
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in pigment uptake, and evaluate growth and survival outcomes. By leveraging waste materials,
this study aligns with circular bioeconomy principles, addressing both economic and
environmental challenges in aquaculture.

Literature Review

The following review synthesizes findings from ten peer-reviewed studies, sourced from Google
Scholar and ResearchGate, to contextualize the use of vegetable waste and natural pigments in
ornamental fish feed.

1.

Patel et al. (2023) investigated the impact of vegetable waste combined with spirulina
on goldfish pigmentation. The study replaced fishmeal and artificial pigments with
vegetable waste and spirulina, observing significant pigment enhancement at 450, 475,
and 500 nm wavelengths. The results suggest that vegetable waste provides a cost-
effective source of carotenoids, improving coloration without compromising growth
(Patel et al., 2023).

Villar-Martinez et al. (2013) explored lutein as a natural carotenoid source for goldfish
juveniles. The study found that lutein supplementation at 50 mg/kg significantly
increased skin redness (a* values) and growth compared to control diets. This highlights
the role of plant-based carotenoids in enhancing ornamental fish coloration (Villar-
Martinez et al.,, 2013).

Umaa Rani et al. (2014) evaluated formulated feeds with plant and animal-based
pigment sources for goldfish. Diets with 400 mg/kg leaf extract showed the highest
pigment levels via thin-layer chromatography (TLC), with lutein and astaxanthin
identified as key contributors to color enhancement (Umaa Rani et al., 2014).

Bandyopadhyay et al. (2005) conducted a 60-day trial with goldfish fed diets containing
varying protein levels from agro-based ingredients, including vegetable waste. Higher
protein diets (42.53%) improved growth and feed conversion, suggesting that vegetable
waste can support both nutrition and pigmentation when properly formulated
(Bandyopadhyay et al., 2005).

Gurung et al. (2018) examined the effect of sweet potato leaf powder on goldfish growth
and coloration. A 5% inclusion rate resulted in a specific growth rate of 0.037% per day,
with enhanced yellow pigmentation attributed to natural carotenoids in the leaves
(Gurung etal., 2018).

Shete et al. (2013) assessed goldfish and spinach in an aquaponic system, using
vegetable waste as a nutrient source. The study reported improved weight gain and
pigmentation at lower stocking densities, emphasizing the role of water quality in
pigment uptake (Shete et al., 2013).

Iglesias Loureiro et al. (2024) investigated fish waste compost, including vegetable
components, as a fertilizer, noting increased photosynthetic pigment levels in plants. This
suggests that vegetable waste in feed could similarly enhance fish pigmentation through
nutrient cycling (Iglesias Loureiro et al., 2024).

Kumar et al. (2005) compared commercial diets for angelfish, finding higher feed
conversion ratios with vegetable-based feeds. The study implies that vegetable waste
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could be optimized for ornamental fish to balance cost and performance (Kumar et al,,
2005).

9. Hussain et al. (2015) studied koi carp and goldfish in aquaponic systems, noting that
vegetable-based nutrients improved pigmentation and growth. The feed conversion ratio
was lower than commercial diets, supporting the viability of waste-based feeds (Hussain
etal, 2015).

10. Smetana et al. (2016) evaluated insect and aquatic plant-based feeds, including
vegetable waste, for fish. The study found reduced environmental impacts and
comparable growth, suggesting that vegetable waste could replace fishmeal in sustainable
aquafeed (Smetana et al,, 2016).

These studies collectively underscore the potential of vegetable waste as a sustainable feed
component, enhancing pigmentation through natural carotenoids while supporting growth and
reducing costs. However, interspecies differences and optimal formulation strategies remain
underexplored, particularly for mollyfish.

Materials and Methods
Experimental Framework

The study employed a controlled experimental design to compare the effects of vegetable waste-
based feed on goldfish and mollyfish pigmentation. The framework included three diet
treatments:

(1) vegetable waste feed with 5% spirulina (VWS),

(2) commercial feed (CF), and

(3) control feed without pigments (CON).

The experiment ran for 60 days, with pigment levels, growth, and survival rates measured.
Experimental Design

e Fish and Acclimatization: Juvenile goldfish (mean weight: 1.66 + 0.02 g) and mollyfish
(mean weight: 1.50 + 0.03 g) were sourced from a local hatchery. Fish were acclimatized
for 14 days in 50-liter glass aquaria with dechlorinated water (temperature: 25-28°C, pH:
7-8).

¢ Diet Formulation: The VWS diet comprised 50% vegetable waste (carrot peels, spinach
leaves, cabbage), 5% spirulina, 30% soybean meal, and 15% binder (tapioca). The CF was
a commercial ornamental fish feed (30% protein, 5% lipid). The CON diet excluded
pigments but matched protein and lipid content.

¢ Feeding Protocol: Fish were fed at 5% body weight twice daily (10:00 AM and 5:00 PM).
Each treatment had three replicate tanks per species, with 20 fish per tank.

e Water Quality: Water was exchanged weekly, maintaining temperature (25-28°C), pH (7-
8), and dissolved oxygen (>5 mg/L). Excreta were siphoned daily.
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e Pigment Analysis: Skin pigmentation was quantified using a spectrophotometer at 450,
475, and 500 nm, following the pigment extraction method by Hapaz and Padowicz
(2007). Measurements were taken at day 0 and day 60.

e Growth and Survival: Weight gain, specific growth rate (SGR), and survival rate were
calculated. SGR was computed as: SGR (%/day) = [(In(final weight) - In(initial weight)) /
days] x 100.

Descriptive Statistical Analysis

Data were analyzed using SPSS 26.0. One-way ANOVA assessed differences in pigment levels,
growth, and survival between treatments and species, followed by Tukey's post-hoc test (p <
0.05). Normality and homogeneity of variance were confirmed using Shapiro-Wilk and Levene’s

tests, respectively.

Results

Descriptive Statistical Analysis

The following tables summarize the pigment levels, growth parameters, and survival rates for

goldfish and mollyfish across treatments.

Table 1: Pigment Levels (Absorbance at 450 nm, 475 nm, 500 nm)

Species | Treatment | 450 nm (Mean +SD) | 475 nm (Mean + SD) | 500 nm (Mean * SD)
Goldfish | VWS 0.85 + 0.04a 0.92 +0.05a 0.78 £ 0.03a
Goldfish | CF 0.72 +0.03b 0.80 + 0.04b 0.65 + 0.03b
Goldfish | CON 0.50 £ 0.02c 0.55 +0.03c 0.48 + 0.02c
Mollyfish | VWS 0.65 +0.03a 0.70 £ 0.04a 0.62 +0.03a
Mollyfish | CF 0.60 + 0.03a 0.65 +0.03a 0.58 £ 0.02a
Mollyfish | CON 0.45 £ 0.02b 0.50 £ 0.02b 0.43 +0.02b

Means with different superscripts in the same column differ significantly (p < 0.05).

Table 2: Growth Parameters and Survival Rate

Species | Treatment | Weight Gain (g) | SGR (%/day) | Survival (%)
Goldfish | VWS 2.45+0.15a 1.85+0.10a |98+2a
Goldfish | CF 230+0.12a 1.75+0.09a |96*3a
Goldfish | CON 1.80 £ 0.10b 1.40+0.08b |94*4a
Mollyfish | VWS 1.95+0.12a 1.60+0.09a |95*3a
Mollyfish | CF 1.90+0.11a 1.55+0.08a | 94+3a
Mollyfish | CON 1.50 + 0.09b 1.20+£0.07b | 92+4a

Means with different superscripts in the same column differ significantly (p < 0.05).
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Description of Results

o Pigmentation: Goldfish exhibited significantly higher pigment absorbance in the VWS
treatment compared to CF and CON (p < 0.05), with peak absorbance at 475 nm, indicating
enhanced yellow-orange hues. Mollyfish showed moderate pigment increases with VWS,
but differences between VWS and CF were not significant (p > 0.05). The CON diet resulted
in the lowest pigmentation for both species.

e Growth and Survival: Both species showed higher weight gain and SGR in VWS and CF
treatments compared to CON (p < 0.05). Survival rates were high (>92%) across all
treatments, with no significant differences (p > 0.05).

o Interspecies Differences: Goldfish displayed greater pigment enhancement than
mollyfish, likely due to their higher carotenoid assimilation efficiency. Mollyfish
pigmentation was less responsive, possibly due to genetic or physiological constraints.

Case Studies
1. Case Study 1: Goldfish Pigmentation in Aquaponic Systems

o Context: A study by Shete et al. (2013) integrated goldfish with spinach in an
aquaponic system, using vegetable waste as a nutrient source.

o Findings: Goldfish at a stocking density of 300/m>® showed enhanced red
pigmentation and weight gain, attributed to vegetable-derived carotenoids cycled
through the system.

o Relevance: This supports the current study’s findings that vegetable waste
enhances goldfish pigmentation, particularly when combined with optimal water

quality.
2. Case Study 2: Mollyfish Color Enhancement with Plant-Based Diets

o Context: A study on mollyfish (Poecilia sp.) fed diets with red paprika and
pomegranate peel reported moderate color improvements but lower efficacy
compared to goldfish (Academia, 2020).

o Findings: Mollyfish exhibited increased brightness but limited hue diversity,
suggesting species-specific carotenoid metabolism.

o Relevance: This aligns with the current study’s observation of modest pigment
enhancement in mollyfish, indicating physiological differences in pigment uptake.

Discussion

The results demonstrate that vegetable waste-based feed, enriched with spirulina, significantly
enhances goldfish pigmentation, particularly in red and yellow hues, due to high carotenoid
content (Patel et al,, 2023). The VWS diet’s efficacy in goldfish aligns with findings by Villar-
Martinez et al. (2013) and Umaa Rani et al. (2014), who reported lutein and astaxanthin as key
pigment sources. Mollyfish, however, showed less pronounced improvements, possibly due to
lower carotenoid assimilation or genetic factors limiting pigment deposition (Academia, 2020).
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Growth and survival rates were comparable between VWS and CF, supporting the viability of
vegetable waste as a sustainable feed alternative (Bandyopadhyay et al., 2005). The lack of
significant survival differences suggests that vegetable waste meets nutritional requirements
without compromising fish health. The interspecies variation highlights the need for species-
specific feed formulations, as goldfish appear more responsive to plant-based carotenoids than
mollyfish.

The study’s findings have implications for sustainable aquaculture, reducing reliance on costly
fishmeal and synthetic pigments while valorizing agricultural waste (Smetana et al., 2016). Future
research should explore optimal vegetable waste ratios and additional pigment sources to
enhance mollyfish coloration.

Conclusion

Vegetable waste-based feed with spirulina significantly enhances pigmentation in goldfish, with
moderate effects in mollyfish, offering a sustainable alternative to commercial feeds. Goldfish
exhibited greater pigment uptake, likely due to efficient carotenoid metabolism, while mollyfish
showed limited responsiveness. Both species maintained high growth and survival rates,
supporting the feasibility of vegetable waste in aquafeed. These findings advocate for the
integration of waste-based feeds in ornamental aquaculture, aligning with circular bioeconomy
principles. Further studies should investigate long-term effects and optimize formulations for
species-specific outcomes.
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