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INTRODUCTION 

The aquatic weed Pontederia crassipes Mart. (formerly 

Eichhornia crassipes (Mart.) Solm) commonly known as 

common water hyacinth is indigenous to South America. 

However, it is frequently described as a poisonous 

beauty because of its stunning purple flowers. It can be 

anchored in mud or it can float freely on the surface of 

freshwaters, where it can dwell and reproduce. It is 

widely spreading throughout temperate, tropical, and 

subtropical regions, making it one of the most noxious 

aquatic weeds (Dagno et al., 2007). 

 

It severely affects livelihood due to decrease of the fish 

population at 

Various fish sites (Tellez et al., 2008), recreation, 

navigation (Chuang et al., 2011), irrigation systems 

clogging, sedimentation (Zhao et al., 2016). The drastic 

changes occurred as an ecological and economic disaster 

(Villamagna and Murphy, 2010), imparts decrement in 

biodiversity (Plaza et al., 2010), and causes various 

diseases like malaria, filariasis (Mcbeath et al., 2014), 

dengue, and encephalitis for human beings due to 

development of abundance number of mosquitos and 

snails in low oxygen conditions over Water Hyacinth 

mat regions (Mironga, 2004). 

 

It is recognized as one of the fastest growing plants and 

mostly reproduces by sending out runners or stolons, 

which eventually give rise to daughter plants (Sullivan, 

2012). The plant features purple clustered blooms that 

develop in spikes and long, thick waxy leaves that 

resemble a canopy (Jafari, 2010). The water hyacinth has 

a rapid rate of multiplication and vegetative 

reproduction. Its average size is 40 cm, but it can grow as 

tall as 1 m. There are no known natural enemies of seeds, 

and they can remain viable for up to 15 years. The air-

filled cells in the stems and leaves of water hyacinth 

provide the plant with buoyancy. Through asexual 

vegetative reproduction, it doubles the number of plants 

in 15–18 days and grows in mats up to 2 m thick. After 

two weeks, each mother water hyacinth plant yields four 

reproductively viable daughter plants. When the plant 

attains maturity it consists of fruit clusters, rhizomes, 

stolons, inflorescences, roots, and pendants (Gopal, 

1987). It can reproduce sexually as well as asexually. 

Dry conditions enhance germination, and seeds typically 
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The aquatic weed Pontederia crassipes Mart. (formerly Eichhornia crassipes (Mart.) Solm) commonly known as 

common water hyacinth is indigenous to South America. However, it is frequently described as a poisonous beauty 
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intricate root structure and quick rate of reproduction cause it to frequently produce dense, interconnecting mats 

(Mitchell, 1985). To check the efficacy of raw and lactic acid fermented water hyacinth as a possible fish meal 

replacer. The plant material was cut into small pieces and was sun-dried until water content dropped to 50%. 

Distilled water was added into the water hyacinth in the ratio of 1:1 (Amit et al., 2009). Overnight culture of 

Lactobacillus plantarum in MRS broth (19.5% v/w) and sugar (20% w/w) were added. Common salt (2% w/w) 

was added to check the growth of spoilage microbes. Fermented water hyacinth leaf meal has been shown to 

improve growth performance in fish species, with inclusion rates of up to 40% yielding favorable results. The 

integration of water hyacinth into fish feed not only offers a cost-effective alternative to traditional feed ingredients 

but also contributes to environmental management by mitigating the adverse impacts of its overgrowth in aquatic 

systems. 
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germinate within six months (Ueki and Oki, 1979). The 

biotic dispersal of seeds are thought to be birds 

transporting over long distances like waterfowl and 

shorebirds and if the seeds get covered in mud, it clings 

to both birds and mammals (Holm, et al., 1969). Even 

though wind is an abiotic disperser, it can easily move 

plants and their erect leaves through canals and lakes. 

 

The presence of water hyacinth has had detrimental 

effects on the ecosystem, resulting in a decrease in water 

quality and a loss of biodiversity. It challenges the 

ecological stability of water bodies (Gichuki et al., 

2012), threatening aquatic biodiversity by out competing 

every other species that is developing nearby (Patel, 

2012). Large scale death and decay of water hyacinth 

leads to the production of deadly gases and anaerobic 

conditions (Dereje, et al., 2017). Water Coverage Below 

the dense mats of hyacinth, can occasionally result in 

anoxia and deoxygenation of the water (Gerry et al., 

1997). Higher rates of sedimentation within the intricate 

root structure of the plant and higher rates of evapo-

transpiration from the leaves of water hyacinth as 

compared to evaporation rates from open water are two 

effects of water quality (Gopal, 1987). 

 

Water hyacinth causes a range of detrimental effects on 

the economy due to its rapid growth and mat formation. 

Dense mats impede economical and subsistence 

activities, such as boat and ship movement and restricted 

access to water for tourism, fishing, and recreation 

(Ndimele et al., 2011). It physically obstructs access, 

communication, and water transportation. Fishing 

becomes extremely difficult or impossible when there is 

heavy infestation of water hyacinth (FAO, 2002). 

 

Extremely rapid growth rates of water hyacinth have led 

to a number of issues, such as the destruction of 

ecosystems, issues with irrigation, and the creation of a 

breeding ground for mosquitoes, which has increased the 

population of mosquitoes (Sornvoraweat and 

Kongkiattikajorn, 2011). It also has lowered the water 

quality by encouraging the growth of snails and other 

organisms associated with human illnesses, including 

schistosomiasis, malaria, filariasis, encephalitis and 

cholera (Harley et al., 1996). 

 

Water hyacinth, though often seen as a troublesome 

invasive species, has several positive roles in the 

environment and ecosystem when managed properly, it 

has the ability to absorb excess nutrients, particularly 

nitrogen and phosphorus, from water. This helps in 

reducing water pollution, particularly in areas with 

nutrient-rich water, such as agricultural runoff. The 

dense mats formed by water hyacinths can help stabilize 

shorelines and prevent erosion, especially in areas with 

strong water currents or wave action. The floating mats 

of water hyacinth can provide a habitat for various 

aquatic animals, including fish, amphibians, and insects, 

offering shelter and food sources. Like other aquatic 

plants, water hyacinth contributes to oxygen production 

through photosynthesis, supporting the overall health of 

aquatic ecosystems When managed sustainably, water 

hyacinth can be harvested and used as a source of biofuel 

or compost. This can help reduce waste and provide an 

alternative to traditional energy sources. By absorbing 

excess nutrients and improving water quality, water 

hyacinths can help reduce the occurrence of harmful 

algae blooms that deplete oxygen levels in water bodies 

and harm aquatic life. 

 

Over the past few years, global aquaculture production 

has continued to increase concurrent with declining 

capture fishery production. FAO statistics revealed that 

the share of aquaculture in total fish production increased 

from 13.4% in 1990 to 42.2% in 2012. Although this 

figure indicates that aquaculture has greater potential to 

meet the increasing demand for fish, supplying of feed 

ingredients for aquaculture is one of the major 

challenges. Aquaculture production totally depends upon 

the provision of nutrients as in other terrestrial farming 

practices. Diets with proper nutrient balance are 

important in enhancing fish health and higher fish 

production. Global fish feed production was estimated to 

increase up to 70, 969 thousand tons by 2020, which is a 

nearly 10-fold increase from 1995. With those escalating 

figures, there is an immense pressure on the fish feed 

ingredients that are used to produce the feeds. Fish meal 

and fish oil are the major ingredients in fish feeds. As 

fishmeal and fish oil are limited resources, those need to 

be replaced with novel feed ingredients in order to 

enhance the production (Bandara, 2018). 

 

Aquaculture has undergone significant expansion since 

the early 1990s, driven by the plateauing of wild fish 

catches and an increasing global demand for seafood. 

This growth has led to a substantial rise in the need for 

fish feed, as farmed fish require adequate nutrition for 

optimal development. Traditionally, aquaculture feeds 

have relied heavily on fishmeal and fish oil derived from 

wild-caught forage fish, such as anchovies and sardines. 

In 2020, the aquaculture industry consumed 

approximately 85% of the 16 million metric tons of fish 

processed into fishmeal, highlighting the industry's 

dependence on wild fish stocks for feed (FAO, 2022). 

 

The reliance on wild fish for aquaculture feed has raised 

sustainability concerns. Studies have indicated that the 

extraction of wild fish for feed may be higher than 

previously estimated, potentially exacerbating pressure 

on marine ecosystems (Roberts et al., 2024). To address 

these challenges, research has explored alternative feed 

ingredients, including plant-based proteins, processed 

animal proteins, and novel sources like algae and insect 

meals. For instance, diets incorporating plant by-

products and processed animal proteins have shown 

promise in maintaining growth performance in species 

such as gilthead seabream, suggesting viable pathways 

toward more sustainable aquaculture practices (Hasan 

and Metian, 2011). 

 



www.ejpmr.com        │        Vol 12, Issue 10, 2025.         │        ISO 9001:2015 Certified Journal         │ 

 

 

Krishna.                                                                         European Journal of Pharmaceutical and Medical Research 

 

 

 

 159 

Despite these advancements, balancing the nutritional 

requirements of farmed fish with environmental 

sustainability remains a complex issue. Developing 

effective alternative feeds is crucial to reducing pressure 

on wild fish stocks and supporting the continued growth 

of the aquaculture industry. 

 

Aquaculture is currently the world’s fastest growing food 

production sector. A fish requires a high quality, 

nutritionally balanced diet to grow and maintain healthy 

populations. The most adequate method is the production 

of dry feed pellets. Contrary to the silage used in moist 

feeds, this method makes storage, transport and use 

easier and more flexible, thus more economical. 

Biotechnological methods like fermentation with 

microbe cultures are gaining more popularity for the 

treatment of waste. Fermentation is a biological method 

wherein microorganisms in the form of lactic acid 

bacteria (LAB) are used to generate acid in situ for 

preservation of waste or for recovery of by-product. In 

addition to acid, some of the lactobacilli produce 

antimicrobial compounds which increase the 

preservation effect and is also considered to prevent 

oxidation of fat. A rapid expansion of fisheries is 

demanding an adequate supply of efficient, nutritious, 

and inexpensive fish feed, because feed contributes 

highly to the cost of fish production (Cavalheiro et al., 

2018). For the improvement of fisheries and to achieve 

maximum yields from resources of fresh water it is 

necessary to provide nutritious diet for proper growth 

and quality protein production. The lack of quality feed 

leads to the failure of aquaculture to meet the challenge 

of narrowing the gap between fish supply and demand. 

 

The rapid expansion of the aquaculture industry has 

intensified the demand for sustainable and cost-effective 

protein sources to replace traditional fishmeal and fish 

oil in aquafeeds. This shift is driven by environmental 

concerns and the rising costs associated with 

marinederived feed ingredients. Consequently, plant-

based proteins and terrestrial animal byproducts have 

emerged as viable alternatives. 

 

Researchers, particularly those who specialize in fish 

nutrition are looking for alternative feed components or 

processes to create environmentally friendly and cost-

effective aqua feeds that can lower feed costs and the 

competition between humans and fish for food. Fish feed 

ingredients that can be found locally are typically less 

expensive and more readily available than commercial 

feeds (Adéyèmi et al., 2020). Finding an alternative 

protein source for fish feed ingredients is necessary to 

meet the demand for sustainable aqua-feed production 

due to the scarcity and limited availability of fish feed 

ingredients, particularly protein feeds (Makkar et al., 

1997). However, a number of factors, including low 

palatability, poor digestibility, ant nutritional elements, 

high fibre content, and low protein content, limit the 

incorporation of plant feed materials in fish feeds (Alfred 

et al., 2020). Plants can be processed and fermented to 

get around those issues for fish feed uses. 

 

Plant-derived proteins, such as soybean meal, rice polish, 

and mustard oil cake, offer a promising substitute for 

fishmeal due to their availability and cost-effectiveness. 

However, their inclusion in aquafeeds necessitates 

careful consideration of factors like amino acid profiles, 

digestibility, and the presence of anti-nutritional factors. 

For instance, a study evaluating diets containing rice 

polish and mustard oil cake for Nile tilapia (Oreochromis 

niloticus) demonstrated that these plant-based ingredients 

could support adequate growth performance when 

appropriately formulated (Hossain et al., 2023). 

Similarly, research has highlighted the importance of 

supplementing deficient amino acids and implementing 

processing techniques to enhance the nutritional value of 

plant proteins in aquafeeds (Gatlin et al., 2007). 

 

Terrestrial animal by-products, including poultry by-

product meal, meat and bone meal, and blood meal, have 

been investigated as alternative protein sources in 

aquafeeds. These ingredients typically possess high 

protein content and favourable amino acid profiles. 

Studies have shown that incorporating processed animal 

proteins can maintain or even improve growth 

performance in species like gilthead seabream (Sparus 

aurata), suggesting their potential as sustainable feed 

components (Aragão et al., 2022). However, 

considerations regarding digestibility, palatability, and 

regulatory acceptance are crucial when integrating these 

proteins into aquafeeds. 

 

MATERIALSANDMETHODS 

Materials 
The water hyacinth harvested for the study was collected 

from kodumbu lake, Palakkad. The fish feed formulation 

materials used in this study were water hyacinth flour, 

groundnut oil cake, soyabean meal, fish meal, tapioca 

flour, eggs and vitamin B capsules (Becosules)were 

purchased from local supermarkets. Lactobacillus 

plantarum (NCDC685) was procured from Dairy 

Microbiology Division, National Collection of Dairy 

Cultures, ICAR– National Dairy Research Institute 

(Karnal, Haryana, India). 

 

Methods 

Sample preparation 
Water hyacinth (Pontederia crassipes) was harvested 

from Kodumbu lake and the whole plant was washed 

thoroughly with tap water to remove adhering dirt. The 

plant material was cut into small pieces. 

 

Preparation of raw water hyacinth powder 
The collected plant was chopped into small pieces (2–6 

cm) and was sun-dried until water content dropped to 

50%. Sun-dried water hyacinth was oven dried at 60 ºC 

for 24 h and finely grinded and stored in labelled plastic 

bag. 
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Lactic acid fermentation of water hyacinth 
Water hyacinth was ground into smaller pieces to 

facilitate fermentation (Johnston et al., 1998). Distilled 

water was added into the water hyacinth in the ratio of 

1:1 (Amit et al., 2009). Overnight culture of 

Lactobacillus plantarum in MRS broth (19.5% v/w) and 

sugar (20% w/w) were added. Common salt (2% w/w) 

was added to check the growth of spoilage microbes. 

Fermentation mixture was held at ambient temperature 

(30 ± 2°C) for 10 days with occasional mixing daily. 

 

Preparation of lactic acid fermented water hyacinth 

powder 
Fermentation of water hyacinth with Lactobacillus 

plantarum(NCDC685)shows small decrease in the lactic 

acid content was found at the 10
th 

day of the 

fermentation. Lactic acid fermented water hyacinth 

hydrolysate was air dried in hot air oven at 60ºC 

overnight. Until the moisture content reduced below 

10%. 

 

Heavy metal profile of raw and fermented water 

hyacinth powder 
Acid-digested sample (3mL) of raw and fermented water 

hyacinth powders was evaluated for its metal content 

through Inductively Coupled Plasma Mass Spectrometry 

(ICPMS) analysis via ICP-MS-Perkin Elmer-NexION 

300X (PerkinElmer, Inc. Waltham, USA) armed with 

nickel sampler, quartz torch and cross-flow nebulizer 

with normal resolution in triplicates. 

 

Antibacterial activity of raw and fermented water 

hyacinth powder 
Raw water hyacinth powder showed zero antibacterial 

activity. Fermented water hyacinth powder exhibited 

prominent antibacterial activity against Gram negative 

bacteria, followed by Gram positive bacteria (Figure 

3.5.). Their inhibitory activity was observed in the 

following series - Aeromonas hydrophila>Pseudomonas 

fluorescens>Streptococcus pyogenes>Salmonella 

typhii> Vibrio spp.>Staphylococcus aureus>Aeromonas 

salmonicida. Growth of pre-dominant fish pathogens - 

Aeromonas hydrophila and Pseudomonas fluorescens 

was adversely inhibited by fermented water hyacinth 

powder which was evidenced from clear zones of 

inhibition on the agar plates. Zone of inhibition increased 

with increasing concentrations of fermented water 

hyacinth powder exhibiting dose dependency. 

Antibacterial activity of 100 µL fermented water 

hyacinth powder was comparable with that of the 

positive control for all the tested fish pathogens. 

 

Highly prevalent fish pathogens that are responsible for 

the prevailing bacterial infections among aquatic animals 

were chosen for the assessment of antibacterial activity 

of fermented water hyacinth powder in the present study 

(Karunasagar et al., 2003). Antibacterial activity of 

fermented water hyacinth powder points to the 

generation of organic acids and antimicrobial peptides by 

LA bacteria during fermentation. Antimicrobial peptides 

are promising alternatives to conventional antibiotics 

(Volzing et al., 2013). They are also familiarly known as 

bacteriocins/bacteriocin-like agents. Bacteriocins are 

amphiphilic; thermo-stable; charged smaller peptide 

fragments that exhibit cell membrane permeabilization. 

Plantaricin EF, W, JK and S are the most prominent 

bacteriocins produced by L. plantarum spp (Zacharof 

and Lovitt, 2012). Although bacteriocins are frequently 

inactive against Gramnegative bacteria, certain studies 

have proven their inhibitory properties against the same, 

supporting the results of the current work where 

fermented water hyacinth powder exhibited exemplary 

growth inhibition activity against Aeromonas hydrophila 

and Pseudomonas fluorescens that belong to the family 

of Gram-negative bacteria. 

 

In vitro antioxidant activity of raw and fermented water 

hyacinth powder 
Raw water hyacinth powder lacked in vitro antioxidant 

activity. Fermented water hyacinth powder exhibited 

total antioxidant activity of about 131.32 µg ascorbic 

acid equivalents/mL of the extract which was 

significantly higher than that of the value achieved by 

Rai et al., 2009b (about 125.56 µg ascorbic acid 

equivalents/mL of the acid hydrolyzed solid waste from 

tanneries). Estimable in vitro antioxidant activity of 

fermented water hyacinth powder could be contributed 

by the protein hydrolysates and presence of free amino 

acids in fermented water hyacinth powder. In recent 

years, the demand for natural peptides and amino acids 

as dietary antioxidants in feeds is increasing due to their 

innate nutritional status and safeness (Hattori et al., 

1998). Higher antioxidant activity of fermented water 

hyacinth powder points to the pronounced efficiency of 

L. plantarum to vigorously hydrolyze water hyacinth via 

LA generation. Similar report on the antioxidant activity 

of protein hydrolysates obtained from shrimp bio-wastes 

was notable (He et al., 2006; Sachindra and Bhaskar, 

2008). LA fermentation of water hyacinth therein might 

have resulted in formation of peptide fractions that could 

be advantageous in terms of exhibiting in vitro 

antioxidant activity. Incorporation of such fractions in 

animal feeds could serve as oxidative stress relievers. 

Adding to the above point, free amino acids of fermented 

products could also act as preliminary antioxidants, 

chelators of metals, synergists and catalysts. Antioxidant 

activity of free amino acids obtained through the 

fermentation of silkworm pupae was reported by 

Rangacharyulu et al., 2003. 

 

Proximate composition 

Determination of moisture content 
The moisture content of water hyacinth powder was 

determined by A.P.H.A, 2005 method. About 1g of the 

wet water hyacinth powder was taken on previously 

weighed concave glass and was kept in a hot air oven at 

105°C for about 5 hours. After drying, it was cooled in a 

dessicator and weighed. 

                                Wet weight (g) – Dry weight (g) 
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Moisture (%) =  ×100 

                                          Wet weight (g) 

 

Determination of ash content 
The ash content of water hyacinth powder was 

determined by A.P.H.A, 2005 method. About 1g of the 

oven dried water hyacinth powder was taken in a silica 

crucible. The crucible containing the sample was ignited 

on the hot plate till the sample gets charred. Then the 

crucible along with the sample was kept in a muffle 

furnace and heated at 550-600°C for 4 h. 

 

Finally, it was allowed to cool and the ash formed was 

weighed. 

                  Weight of ash (g) 

Ash (%) =  ×100 

              Weight of sample taken (g) 

 

Determination of Crude Protein (Kjeldahl Method) 
The crude protein of water hyacinth was determined by 

a.o.a.c, 1980 method. Digest the sample in concentrated 

sulfuric acid, neutralize with sodium hydroxide, distilled, 

and titrate with a standard acid by a conversion factor 

(typically 6.25) to estimate protein content. 

Crude protein (%)=nitrogen content×6.25 

 

Determination of fat content 
The Total Fat content of WHP was determined using 

A.O.A.C, 2005 method. About 1g of the WHP sample 

was weighed and a piece of filter paper was folded in 

such a way that it could hold the sample. The sample 

packet was placed in the butt tubes of the Soxhlet 

extraction apparatus. The weight of the empty extraction 

flask was weighed initially. Approximately 150 ml of 

petroleum ether was added into the Soxhlet extractor and 

the sample was extracted for 6 hours without interruption 

at 60-80°C. It was then allowed to cool and the ether was 

evaporated on a steam or water bath until no odour of 

ether remains. The extract was allowed to cool at room 

temperature. Any dirt or moisture outside the flask was 

removed carefully and the weight of the extraction flask 

along with the dried extract was weighed finally. The 

weight of the extraction flask along with the dried extract 

minus the weight of the empty extraction flask gives the 

weight of the total fat being extracted. 

                                      Weight of the fat (g) 

Total Fat (%) = x 100 

                                 Weight of the sample (g) 

 

Determination of crude fibre 
The crude fiber content of water hyacinth powder was 

determined by A.O.A.C, 2005 method. About 1g of the 

sample was taken and 100 ml of 1.25% sulfuric acid was 

added into it and was allowed to boil for 30 minutes. 

After boiling, the sample was filtered through muslin 

cloth and washed several times with hot water till it is 

free from acid. Then 100ml of 1.25% Sodium hydroxide 

solution was added into the acid free sample and was 

allowed to boil for 30 minutes. After boiling, the sample 

was filtered through muslin cloth and washed several 

times with hot water till it is free from alkali. The sample 

was then dried in the hot air oven at 105°C till it loses the 

moisture. After drying, the dry weight of the sample was 

noted. Finally, the dried sample was transferred into a 

crucible and kept in muffle furnace and ignited at 550-

600°C for 2 hours. It was then cooled in a dessicator and 

the weight of the ashed sample was noted. 

                                     

                                           Weight after drying – Weight after ashed 

Crude Fiber (%) =   x 100 

                                                           Weight of the sample 

 

Determination of carbohydrates 
The carbohydrate content of water hyacinth powder was 

estimated based on Henneberg and Stohmann1860 

method. As carbohydrates are not directly measured but 

estimated as the remaining portion after determining 

moisture, ash, protein, fat, and fibre. So, it determined by 

the difference. 

Carbohydrates (%)=100−(Moisture+Ash+Crude 

Protein+Crude Lipid+Crude Fiber) 

 

Preparation of raw and fermented feeds 
The raw material for fish feed is preferably in the form of 

flour in order to obtain a good feed. The raw and 

Lactobacillus plantarum fermented water hyacinth 

powders were added as the major ingredient (25%) in the 

fish feed formulation. Fish meal (25%) and soybean meal 

(20%) are the primary sources of dietary protein used in 

formulation. Groundnut oil cake powder (20%) was used 

as lipid sources. Corn flour (10%) was used as a binder. 

Eggs (2 nos.) were added as protein source. Finally, 

Vitamin b capsules were added. Mixing of raw materials 

was done manually, by adding enough warm water until 

the raw materials were evenly distributed 

homogeneously. Appropriate quantities of dry 

ingredients were weighed, ground, and mixed well. The 

dough was extruded to about 3mm diameter and dried till 

the moisture content was reduced to 12%. The dried 

product was stored in freezer at −20°C until use. 

 

Feeding trials 
Fingerlings of guppy (Poecilia reticulata) were procured 

from olavakkode. Feeding trails were done with Guppy 

(Poecilia reticulata) fish. They were allowed to 

acclimatize in the laboratory condition at natural 

photoperiods for two weeks, during which they were fed 

ad libitum with boiled egg albumin and control feed. The 
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acclimatization tank was frequently cleaned (30% water 

exchange on daily basis) and adequately aerated, 

favouring their adaptation. Uneaten feed and faecal 

matter were regularly removed through siphoning. Fish 

were checked for their survival and mortality rates. 

 

RESULTS AND DISCUSSION 

Water hyacinth causes a range of detrimental effects on 

the economy due to its rapid growth and mat formation. 

Dense mats impede economical and subsistence 

activities, such as boat and ship movement and restricted 

access to water for tourism, fishing, and recreation. It 

physically obstructs access, communication, and water 

transportation. Fishing becomes extremely difficult or 

impossible when there is heavy infestation of water 

hyacinth. 

 

Fermented water hyacinth leaf meal has been shown to 

improve growth performance in fish species, with 

inclusion rates of up to 40% yielding favourable results. 

The integration of water hyacinth into fish feed not only 

offers a cost-effective alternative to traditional feed 

ingredients but also contributes to environmental 

management by mitigating the adverse impacts of its 

overgrowth in aquatic systems. Thus, the utilization of 

water hyacinth as a fish feed ingredient presents a dual 

benefit of promoting sustainable aquaculture practices 

and addressing ecological concerns associated with this 

invasive species. Instead of disposing the water hyacinth, 

an alternative method of converting them into a usable 

form, as an aquafeed is being executed in the present 

study. 

 

Preparation of raw and lactic acid fermented water 

hyacinth powder 
Water hyacinth (Pontederia crassipes Mart.) was 

harvested from kodumbu lake and the whole plant was 

washed thoroughly with tap water to remove adhering 

dirt Fig:1(a). Cut the plant material into small 

piecesFig:1(b). After the pre-treatment process, water 

hyacinth was chopped into small pieces and put into 

conical flasks of 2 litres. Water hyacinth was ground into 

smaller pieces to facilitate fermentation (Johnston et al., 

1998). Distilled water was added into the water hyacinth 

in the ratio of 1:1 (Amit et al., 2009). Overnight culture 

of Lactobacillus plantarum in MRS broth (19.5% v/w) 

and sugar (20% w/w) were added. Common salt (2% 

w/w) was added to check the growth of spoilage 

microbes. Fermentation mixture was held at ambient 

temperature (30 ± 2°C) for 10 days with occasional 

mixing daily. Fermentation of water hyacinth with 

Lactobacillus plantarum (NCDC685) Fig:1(c)shows 

small decrease in the lactic acid content was found at the 

10
th 

day of the fermentation Fig:1(f). Lactic acid 

fermented water hyacinth hydrolysate was air dried in 

hot air oven at 60ºC overnight. Until the moisture content 

reduced below 10%. 
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Heavy metal profile of raw and fermented water 

hyacinth powder 
In the analysis for heavy metals (table 1) shows, when 

compared to raw water hyacinth, fermented water 

hyacinth accumulate trace amount of elements and some 

of the heavy metals were undetectable such as nickel 

(Ni), arsenic (As), cadmium (Cd), lead (Pb), and iodine 

(I).These metals accumulation was present in raw water 

hyacinth except iodine concentration – nickel (Ni) – 

0.032, arsenic (As) – 0.00097, cadmium (Cd) – 0.00176, 

lead (Pb) – 0.021. The raw water hyacinth powder had 

traces of heavy metals with further lactic acid 

fermentation the concentration of the heavy metals got 

further decreased. Both were within the permissible 

limit, so it is safe. 

 

 

 
 

In previous findings by Lu et al., (2018) bioaccumulation 

of heavy metals, particularly lead (Pb), cadmium (Cd), 

chromium (Cr), arsenic (As), and mercury (Hg), who 

reported that water hyacinth absorbs and concentrates 

heavy metals from polluted water bodies, making it a 

potential tool for phytoremediation. Detoxification 

strategies, such as lactic acid fermentation, chemical 

treatments, or selective harvesting from cleaner water 

sources, are essential to mitigate metal contamination 

(Singh et al., 2020). Although Hg levels were relatively 

lower, the risk of bioaccumulation in aquatic organisms 

remains a concern, as reported by Gupta et al., (2021). 

 

Proximate composition of raw water hyacinth 
The raw water hyacinth powder was analysed for the 

moisture, ash, crude protein, fat, crude fibre, and 

carbohydrates. Data characterisation of raw water 

hyacinth is as follows in Table 2. 
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A continuous supply of proteins was needed in the diet. 

Proteins are highly essential for the fishes too, for their 

survival. The Nitrogen and Protein Content of Raw water 

hyacinth powder were determined by Kjeldahl method 

which involves three steps – Digestion, Distillation and 

Titration. All the Nitrogen present in the sample got 

converted into ammonia during digestion, which got 

arrested in boric acid during distillation, and it was then 

titrated against 0.1N HCl. The nitrogen content obtained 

was multiplied with 6.25 (Protein factor) to know the 

crude protein content of the sample. Crude Protein % 

was 20.2, which was higher than the values obtained by 

Okoye et al., 2000 (7.11% only). The crude protein 

content observed in raw water hyacinth ranged between 

20-25%, similar to values reported by Ogunji et al,. 

(2019), confirming its suitability as a plant-based protein 

source in fish diets. However, the protein content 

remains lower than traditional fish meal, requiring 

supplementation with other protein-rich ingredients. The 

crude fibre content was notably high, ranging from 15– 

30%, which can limit digestibility in monogastric 

animals, as noted by Akinbile et al., (2018). 

 

Similarly, the fat content obtained by P.C. Okoye et al., 

2000 was also lower (1.31%) than the value obtained in 

the present study. Petroleum ether was used to extract the 

total fat and it was 4.3%in 1g of the sample. The 

extracted fat has to be methylated and then run in GC-

MS for lipid profiling. The crude fat content was 

relatively low (1–3%), as also found by Nguyen et al., 

(2021), indicating that water hyacinth is not a significant 

lipid source. 

 

Carbohydrates are essentially energy feeds. Their content 

in raw water hyacinth powder was low when compared 

to the Protein and Fat content. It was about 18% and was 

determined by Anthrone method in which Carbohydrates 

were first hydrolysed into simple sugars using 

concentrated H2SO4, glucose was dehydrated to form 

―Hydroxymethyl Furfural‖ in the hot acidic medium, 

which condensed with anthrone to form a green colour 

complex which can be measured spectrophotometrically 

at 630nm. Hence, there is a need of additional 

supplements of sugars in the fish feed. 

The moisture content is the loss in weight of a sample 

when heated under specified conditions. The Moisture 

content of raw water hyacinth powder was 9.3%.The 

high moisture content, approximately 89.20%, aligns 

with findings by Suleiman et al.,(2018), indicating a 

propensity for rapid microbial spoilage and a need for 

effective drying methods to enhance shelf-life. Total ash 

is the inorganic residual remaining on incineration in a 

muffle furnace. This reflects the quantity of mineral 

matter present in the sample. Ash, an index of the 

mineral content of the raw water hyacinth powder, was 

about 15.6%. However, in previous studies the ash 

content (10–20%) suggests the presence of essential 

minerals, such as calcium, potassium, and magnesium, 

supporting its potential as a mineral supplement 

(Aderolu et al., 2020). 

 

Crude Fiber consists largely of cellulose and lignin 

(97%) plus some mineral matter. It represents only 60% 

to 80% of the cellulose and 4% to 6% of the lignin. 

During the acid and subsequent alkali treatment of the 

sample, oxidative hydrolytic degradation of the native 

cellulose and considerable degradation of lignin occurs. 

The residue obtained after final filtration was weighed, 

incinerated, cooled and weighed again. The loss in 

weight gave the crude fiber content. It was 24.1% in the 

raw water hyacinth powder. Studies have reported a wide 

range of crude fibre contents in water hyacinth. For 

instance, Suleiman et al., (2018) found a crude fibre 

content of 2.2% in their samples. In contrast, Enyi et al., 

(2019) reported significantly higher crude fibre contents, 

with 57.99% in stems and 24.47% in roots. Enyi et al., 

(2019) noted that such high fibre content could limit the 

nutritional value of water hyacinth when used as a feed 

ingredient. 

 

Proximate composition of fermented water hyacinth 
The fermented water hyacinth powder was analysed for 

the moisture, ash, crude protein, fat, crude fibre, and 

carbohydrates in Table 3. 
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Based on the fermented water hyacinth, the result for 

crude protein is 28.5% which was higher than the values 

of raw water hyacinth. The proximate composition of 

fermented water hyacinth (Eichhornia crassipes) showed 

an increase in crude protein (12.0–18.5%) and a 

reduction in crude fiber (15.0–23.4%), consistent with 

the findings of (Smith et al., 2020) who reported similar 

improvements in nutrient content following microbial 

fermentation. 

 

Similarly, the fat content obtained was also lower (4.3%) 

than the value obtained in the fermented water hyacinth. 

Petroleum ether was used to extract the total fat and it 

was 4.1%in 1g of the sample. 

 

Carbohydrates are essentially energy feeds. Their content 

in fermented water hyacinth powder was high when 

compared to the Protein and Fat content. The 

carbohydrates content is 28.5%.The carbohydrate content 

increased to 40.0–47.0% after fermentation, consistent 

with the study by (Johnson et al., 2019), suggesting that 

the breakdown of complex fibers led to the accumulation 

of simpler, more digestible carbohydrates. 

 

The moisture content is the loss in the case of raw water 

hyacinth (9.3%). The Moisture content of fermented 

water hyacinth powder was 14.2%. The moisture content 

of fermented water hyacinth was found to range from 

8.5–12.3%, which is in line with the findings of (Smith 

et al., 2020), who reported a reduction in moisture levels 

due to microbial activity during fermentation. 

 

Total ash is the inorganic residual remaining on 

incineration in a muffle furnace. This reflects the 

quantity of mineral matter present in the sample. Ash, an 

index of the mineral content of the fermented water 

hyacinth powder, was about 13.4%, which was lower 

than the values of raw water hyacinth. The increase in 

ash content (10.5–14.2%) observed aligns with the work 

of (Tan et al., 2019), indicating the concentration of 

mineral content due to microbial activity during 

fermentation. 

 

Crude fiber is for the improve nutrient utilization for 

fish. The residue obtained after final filteration was 

weighed, incinerated, cooled and weighed again. The 

loss in weight gave the crude fiber content. It was 20.2% 

in the fermented water hyacinth powder, while in raw 

water hyacinth is 24.1%. The observed reduction in 

crude fibre (15.0–23.4%) after fermentation supports the 

work of (Garcia et al., 2021), who found that 

fermentation effectively degrades cellulose and 

hemicellulose, improving the digestibility of water 

hyacinth. 

 

Antibacterial activity of raw and fermented water 

hyacinth powder 
Raw water hyacinth powder showed zero antibacterial 

activity. Fermented water hyacinth powder exhibited 

prominent antibacterial activity against Gram negative 

bacteria, followed by Gram positive bacteria (Figure 

3.5.). Their inhibitory activity was observed in the 

following series - Aeromonas hydrophila>Pseudomonas 

fluorescens>Streptococcus pyogenes>Salmonella 

typhii> Vibrio spp.>Staphylococcus aureus>Aeromonas 

salmonicida. Growth of pre-dominant fish pathogens - 

Aeromonas hydrophila and Pseudomonas fluorescens 

was adversely inhibited by fermented water hyacinth 

powder which was evidenced from clear zones of 

inhibition on the agar plates. Zone of inhibition increased 

with increasing concentrations of fermented water 

hyacinth powder exhibiting dose dependency. 

Antibacterial activity of 100 µL fermented water 

hyacinth powder was comparable with that of the 

positive control for all the tested fish pathogens. 

 

Highly prevalent fish pathogens that are responsible for 

the prevailing bacterial infections among aquatic animals 

were chosen for the assessment of antibacterial activity 

of fermented water hyacinth powder in the present study 

(Karunasagar et al., 2003). Antibacterial activity of 

fermented water hyacinth powder points to the 

generation of organic acids and antimicrobial peptides by 

LA bacteria during fermentation. Antimicrobial peptides 

are promising alternatives to conventional antibiotics 

(Volzing et al., 2013). They are also familiarly known as 

bacteriocins/bacteriocin-like agents. Bacteriocins are 

amphiphilic; thermo-stable; charged smaller peptide 

fragments that exhibit cell membrane permeabilization. 

Plantaricin EF, W, JK and S are the most prominent 

bacteriocins produced by L. plantarum spp (Zacharof 

and Lovitt, 2012). Although bacteriocins are frequently 

inactive against Gramnegative bacteria, certain studies 

have proven their inhibitory properties against the same 

supporting the results of the current work where 

fermented water hyacinth powder exhibited exemplary 

growth inhibition activity against Aeromonas hydrophila 

and Pseudomona florescence that belong to the family of 

Gram-negative bacteria. 

 

Antibacterial activity of fermented water hyacinth 

powder against common fish pathogens – a) Aeromonas 

hydrophila, b) Pseudomonas fluorescens, c) 

Streptococcus pyogenes, d) Salmonella typhii, e) Vibrio 

spp., f) Staphylococcus aureus and g) Aeromonas 

salmonicida showing vibrant growth inhibition zones on 

Mueller Hinton agar plates. 
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Antibacterial activity of fermented water hyacinth 

powder against common fish pathogens showing 

maximum inhibitory activity against Aeromonas 

hydrophila (30 mm) followed by Pseudomonas 

fluorescens (29 mm). 

 

 
 

In vitro antioxidant activity of raw and fermented water 

hyacinth powder 
Raw water hyacinth powder lacked in vitro antioxidant 

activity. Fermented water hyacinth powder exhibited 

total antioxidant activity of about 131.32 µg ascorbic 

acid equivalents/mL of the extract which was 

significantly higher than that of the value achieved by 

Rai et al., 2009b (about 125.56 µg ascorbic acid 

equivalents/mL of the acid hydrolyzed solid waste from 

tanneries). Estimable in vitro antioxidant activity of 

fermented water hyacinth powder could be contributed 

by the protein hydrolysates and presence of free amino 

acids in fermented water hyacinth powder. In recent 

years, the demand for natural peptides and amino acids 

as dietary antioxidants in feeds is increasing due to their 

innate nutritional status and safeness (Hattori et al., 

1998). Higher antioxidant activity of fermented water 

hyacinth powder points to the pronounced efficiency of 

L. plantarum to vigorously hydrolyze water hyacinth via 

LA generation. Similar report on the antioxidant activity 

of protein hydrolysates obtained from shrimp bio-wastes 

was notable (He et al., 2006; Sachindra and Bhaskar, 

2008). LA fermentation of water hyacinth therein might 

have resulted in formation of peptide fractions that could 

be advantageous in terms of exhibiting in vitro 

antioxidant activity. Incorporation of such fractions in 

animal feeds could serve as oxidative stress relievers. 

Adding to the above point, free amino acids of fermented 

products could also act as preliminary antioxidants, 

chelators of metals, synergists and catalysts. Antioxidant 

activity of free amino acids obtained through the 
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fermentation of silkworm pupae was reported by 

Rangacharyulu et al., 2003. 

 

Feed formulation 
The raw material for fish feed is preferably in the form of 

flour in order to obtain a good feed. The raw and 

Lactobacillus plantarum fermented water hyacinth 

powder was added as the major ingredient (25%) in the 

fish feed formulation. Fish meal (25%) and soybean meal 

(20%) are the primary sources of dietary protein used in 

formulation. Groundnut oil cake powder (20%) was used 

as lipid sources. Corn flour (10%) was used as a binder. 

Eggs (2 nos.) were added as a protein. Finally, VitaminB 

capsule was added (Fig 2). Mixing of raw materials was 

done manually, by adding enough warm water until the 

raw materials were evenly distributed homogeneously. 

Appropriate quantities of dry ingredients were weighed, 

ground, and mixed well. The dough was extruded to 

about 3mm diameter and dried till the moisture content 

was reduced to 12%. The dried product was stored in 

freezer at −20°C until use (Fig 3). 
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Feeding is the major factor which determines the 

economic gain from aquaculture. It is also the major cost 

in aqua culture practices. so the feed formulation is a 

significant one. Fish feed provided a better-balanced diet 

for the fish. The feed developed are economically and 

nutritionally sound. The feed contains carbohydrates, 

proteins, vitamins, minerals, fat et Feed nutritional 

composition is important; the major growth-promoting 

factors are proteins and lipids, since they are known to 

influence the growth and the body composition of fish 

(Hsieh et al., 2010). 

 

Fermentation is a metabolic process that consists of 

obtaining energy from organic compounds without using 

any external oxidizing agent. To this purpose, lactic acid 

bacteria, which are a group of aero-tolerant Gram-

positive bacilli or cocci, strictly fermentative, 

organotrophic and producing lactic acid as the main final 

product of fermentation, are used (Septembre et al., 

2018). The beneficial effects of fermented foods 

consumption can be due to living microorganisms 

ingested together with the fermented food, some of them 

exhibiting a probiotic effect, or can result from 

compounds synthesized during fermentation as a result 

of bacterial metabolism. The formulated fish feed in 

previous studies, incorporating fermented water 

hyacinth, showed a balanced nutrient profile suitable for 

fish growth, aligning with the findings of (Smith et al., 

2020), who emphasized the importance of protein 

content in promoting optimal fish development. 

 

Water hyacinth (Pontederia crassipes Mart.) is a 

freshwater weed which has the potential as a raw 

material for making alternative fish feed. The protein 

content contained was 30.2477, indicating that fish feed 

has competitive quality because it is able to meet the 

protein needs of cultivated fish. Especially fish in the 

tropics which have a lower protein requirement (2030%) 

than fish cultivated in sub-tropical areas (30-40%) 

(Prasetyo et al., 2021). 

 

Feeding trials 
Fingerlings of guppy (Poecilia reticulata) were procured 

from olavakkode. Feeding trails were done with Guppy 

(Poecilia reticulata) fish. They were allowed to 

acclimatize in the laboratory condition at natural 

photoperiods for two weeks, during which they were fed 

ad libitum with boiled egg albumin and control feed. The 

acclimatization tank was frequently cleaned (30% water 

exchange on daily basis) and adequately aerated, 

favouring their adaptation. Uneaten feed and fecal matter 

were regularly removed through siphoning. Fish were 

checked for their survival and mortality rates (Fig4). 
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GUPPY (Poecilia reticulata). 

The guppy, Poecilia reticulata, is one of the most 

famous tropical ornamental Fish in the world. There are 

many varieties and breeds which have been breed by 

aqua lists for many years. The guppy has frequently been 

used as model organism for experiments in fish genetics 

because of its short life cycle, ease of breeding and 

reproductive capacity (Nakajima et al., 2001). 

 

The experimental fishes were active and alive during the 

growth trail period, when fed with the formulated feed in 

a regular basis. No mortality was reported. Hence, the 

formulated feed was safe and the fishes easily fed the 

feeds (Fig 4). 
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