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Abstract
The fishing sector in Sri Lanka plays a crucial role in the national economy and food security, providing approximately 
50% of the animal protein consumed and supporting the livelihoods of over a million individuals. However, fish processing 
generates substantial quantities of waste—up to 30–40% of the total catch, which poses environmental and public health 
challenges. Fish Amino Acids (FAA), derived from the fermentation of fish by-products such as heads, bones, skins, and 
viscera with sugar, have emerged as a promising organic fertilizer and plant growth enhancer. This review synthesizes 
the available literature on the production, nutrient composition, extraction methods, and agricultural applications of 
FAA. Relevant studies were identified through systematic searches of published literature, including reports, journal 
articles, and case studies focusing on fish waste valorization, fermentation technologies, and the impact of FAA on crop 
growth, soil health, and environmental sustainability. The review highlights that FAA is rich in macro- and micronutrients, 
enhances soil fertility, stimulates microbial activity, improves nutrient bioavailability, and promotes vegetative growth and 
yield in a wide range of crops, including cereals, vegetables, and fruits. Furthermore, FAA contributes to environmental 
sustainability by reducing reliance on synthetic fertilizers, mitigating nutrient runoff, and facilitating the circular economy 
in fisheries and agriculture. Despite its potential, challenges such as odor, storage stability, nutrient variability, and 
regulatory concerns must be addressed to optimize its adoption. Overall, FAA represents a sustainable, eco-friendly, and 
economically viable solution for improving soil health, crop productivity, and the management of fish processing waste 
in Sri Lanka.
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INTRODUCTION 

In Sri Lanka, the fishing sector is not only a major 
economic contributor but also plays a vital role in 
supporting livelihoods across the country. It is the lifeline 
of coastal villages. Fish makes up 50% of the animal 
protein consumed in Sri Lanka, which is three times 
more than the average for the world (NARA, 2022). The 
industry maintains the livelihoods of around a million 
fishermen, laborers, and their families, demonstrating its 
significance to the economy (Wijayaratne & Maldeniya, 
2003). Increased export volumes have led to increased 
earnings from seafood exports, especially fresh fish. A total 
of $ 301.7 million was made for the nation through fish 
and fish preparation exports (Central Bank of Sri Lanka, 
2023). Fish waste is a significant environmental issue in 
Sri Lanka, impacting both marine ecosystems and coastal 
communities. The fishing industry in Sri Lanka generates 
significant quantities of fish by-products and waste daily, 

with post-harvest losses reaching up to 30–40% of the total 
catch (FAO, 2018). Annually, this results in approximately 
90,000 to 120,000 metric tons of wasted fish from an 
estimated marine catch of 300,000 metric tons (NARA, 
2016). Addressing this issue is crucial for ecological 
balance, public health, and the sustainability of the fishing 
industry (FAO, 2020). Fertilizers are used in farming 
systems to enhance the production of food to feed the ever-
increasing population in the world. Nevertheless, it is also 
necessary to identify the possible environmental effects 
arising from their application (Krasilnikov et al., 2022). 
Fish waste is considered an important organic fertilizer in 
agriculture because the utilization of inorganic fertilizer 
may lead to severe environmental problems (Zhang et al., 
2018).  FAA, as an organic product, not only contributes 
to environmentally friendly farming but also minimizes 
the chances of soil degradation, water pollution, and 
destruction of beneficial microorganisms (Ahuja et al., 
2020). Application of fish waste as a fertilizer is also an 
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environmentally sustainable approach since it reduces 
pollution emissions related to its disposal (Lopes et al., 
2015). 

Traditional methods of disposal, for instance, incineration, 
consume a lot of energy, thus incurring high costs and 
polluting the environment. On the other hand, the recycling 
of fish waste into fertilizers is a positive practice since fish 
waste is used to reduce the use of non-renewable fertilizers, 
which are environmentally unsuitable due to pollution and 
runoff effects. In addition, the reuse of fish waste helps to 
relieve the pressure on landfills, which in turn decreases 
methane emissions and the total amount of carbon dioxide 
produced by waste management systems (Coppola et al., 
2021; Stevens et al., 2018). By incorporating fish waste 
fertilizer into agricultural lands, farmers can enhance 
crop health and yield while minimizing their ecological 
footprint and promoting long-term soil fertility and 
ecosystem balance. This review aims to debate the nutrient 
compositions, production techniques, environmental, and 
agricultural advantages of FAA obtained through fish 
waste, to review the existing practices and limitations, and 
offer the possible opportunities in implementing FAA into 
the sustainable agricultural base in Sri Lanka. Considering 
these objectives, the review will aim to reflect on the 
contribution of the FAA towards environmentally friendly 
farming practices, the enhancement of soil fertility, and the 
contribution to the agricultural sector.

Fish Amino Acid (FAA)

FAA is produced through the fermentation of fish wastes 
such as bones, heads, skin, and other residual parts with the 
help of sugar. FAA is a liquid organic supplement specifically 
beneficial to enhance crop development and growth. It 
serves as a natural farming supplement, rich in amino acids 
and essential nutrients, thereby supporting plant health 
and enhancing overall productivity (Priyanka et al., 2019). 
FAA to maintain water quality while increasing agricultural 
yields and soil N availability (Nissi & Debbarma, 2022). 
FAA serves as an effective nitrogen source, promoting 
improved plant growth and size. Applying FAA either 
as a foliar spray or through soil drenching can enhance 
nutrient uptake and minimize runoff or leaching, ensuring 
sufficient nitrogen availability for chlorophyll production 
and overall plant health (Panomjan & Sukkaew, 2023). 
Although commercial fertilizers offer an affordable means 
to enrich the soil with nitrogen for optimal plant growth 
and high crop yields, overuse or improper application of 
these fertilizers can contaminate ground or surface water 
with nitrates (Bijay-Singh & Craswell, 2021).

Composition of macronutrients in FAA

The species, age, sex, health, and nutritional status affect 
the nutritional composition of FAA. Fish waste, consisting 
of muscle cuttings, skin, fins, bones, heads, the internal 
organs, and scales, is an excellent source of proteins and 
degradable organics, which makes it ideal to utilize as a 
form of organic fertilizer (Coppola et al., 2021). Fish 
waste also contains nutrients that can enhance the quality 
of the compost and provide nutrients needed by plants in 
horticultural and agricultural production.  Fish waste can 

be used as a pig diet since it has 58% of the crude protein, 
22% of ash, 19% of ether extract, and 1% of the crude fiber 
(Esteban et al., 2007). The composition of fish waste is also 
determined based on which part of the fish is used in the 
preparation of food. For example, the viscera of different 
fish species have different levels of crude protein and lipids, 
which are an indication of the unique nutritional value of 
each species. According to Ovissipour et al. (2012), the 
content of crude protein and lipids in the internal organs 
of yellowfin tuna (Thunnus albacares) is 21.5 ± 0.5% and 
5.08 % respectively.  On the other hand, the viscera of Catla 
(Catla catla) contain 8.52% protein and lipid content of 
12.5% (Bhaskar & Mahendrakar, 2008). Such variations 
in the nutrient content between the viscera of yellowfin 
tuna and Catla show the significance of species variation 
analysis for fish by-products for organic fertilizer. The 
head, bones, skin, and viscera of fish have different levels 
of protein, fat, minerals, and other nutrients (Zhang et al., 
2018).

Table 1: Composition of macronutrients in fish amino 
acids derived from fish waste (includes heads, bones, skin, 
viscera, and occasionally whole fish and parsley) (Esteban 
et al., 2007)

Nutrient Value 
Crude protein (%) 57.92 ± 5.26
Fat (%) 19.10 ± 6.06
Crude fiber (%) 1.19 ± 1.21
Ash (%) 21.79 ± 3.52

Composition of micronutrients in FAA

Fish waste from the fish processing industry consists 
of the following components, but they differ by species: 
The remaining parts include muscle trimmings (15-20%), 
viscera (12-18%), bones (9-15%), heads (9-12%), scales 
(5%), and skins and fins (1-3%) (live weight) (Coppola et 
al., 2021). Bones contain calcium and phosphorus, while 
fish heads are rich in lipids and omega3 fatty acids, for 
instance (Ghaly et al., 2013). 

Fish bones contain a large amount of calcium and 
phosphorus, whereas the fish head contains a large amount 
of lipids and omega-3 fatty acids (Ghaly et al., 2013). 
The organs, which include the liver and the intestines, are 
usually rich in enzymes and vitamins (Rustad et al., 2011). 

Therefore, the overall nutrient composition of fish waste 
can be quite diverse when the main part used is the flesh 
or bone, skin, or internal organs of the fish. Fish waste 
also contains nutrients, which may vary depending on 
the improvements in nutrient recovery technologies. The 
number of proteins, lipids, minerals, and other valuable 
compounds that can be obtained from fish waste may 
vary depending on the recovery methods that have been 
used (Meers & Zhang, 2023; Zang et al., 2023). For the 
proper management of fish waste as an organic fertilizer, 
it becomes relevant to take into account the differences in 
its composition.
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Table 2: Composition of micronutrients in fish amino acids 
from fish waste (including heads, bones, skin, viscera, and 
occasionally whole fish and parsley) (Esteban et al., 2007).

Nutrient Value
Calcium (%) 5.80 ± 1.35
Phosphorous (%) 2.04 ± 0.64
Potassium (%) 0.68 ± 0.11
Sodium (%) 0.61 ± 0.08
Magnesium (%) 0.17 ± 0.04
Iron (ppm) 100.00 ± 42.00
Zinc (ppm) 62.00 ± 12.00
Manganese (ppm) 6.00 ± 7.00
Copper (ppm) 1.00 ± 1.00

Extraction and processing techniques of fish waste

Types of fish waste

The organic wastes and byproducts of fish, including head, 
bones, skin, fins, guts, and scales, are important sources of 
proteins, amino acids, micronutrients, and other bioactive 
agents. Yellow fin tuna waste, e.g., has been successfully 
used in the manufacture of fertilizers (Shama & Nimalan, 
2023). Most of these organic wastes are not treated and 
may become a bane to the environment as they contribute 
to environmental degradation.

Source of Nutrients

The fish waste recovery technologies focus on converting 
the organic material into biofertilizers. Since the fish waste 
is highly hydrated and has abundant microorganisms, it 
can very quickly result in stench, creating a significant 
environmental hazard by being highly subject to 
putrefaction (Soni et al., 2021). Nevertheless, after being 
adequately processed, it is a strong source of macro- and 
micronutrients and supplements for plant and soil health. 
The objectives of extraction include the release of amino 
acids, nitrogen, phosphorus, and other elements supporting 
the development of crops (Ennouali et al., 2021).

Processing and Extraction Methods

Fermentation is one of the most common and effective 
methods of nutrient recovery from fish waste. It involves 
microbial activity that converts proteins and fats into amino 
acids and organic acids. Siddiqui et al. (2023) reported that 
fermenting fish heads with lactic acid bacteria resulted in 
a product rich in essential amino acids and antioxidants, 
offering additional benefits beyond basic fertilization. 
Aerobic digestion is another technique, wherein 
microorganisms decompose fish waste in the presence 
of oxygen to produce biogas and nutrient-rich digestate. 
Samoraj et al. (2022) reported that both solid and liquid 
fractions of this digestate contained high levels of nitrogen 
(N) and phosphorus (P), making them suitable as crop 
fertilizers. However, the high-water content of the liquid 
fraction can complicate storage and transportation (Ivanovs 
et al., 2018).

Preparation methods can vary widely depending on the 
fish species, concentration, and additives used. Shama 
and Nimalan (2023) reported a fish tonic using yellowfin 
tuna waste mixed with jaggery in a 1:1 ratio. The mixture 
was fermented for 21 days in a ventilated container, with 
precautions taken to prevent contamination by coating 
the container with jaggery and covering it with breathable 
cotton cloth.

Forms of Fish-Based Fertilizers

Fish waste can be converted into various fertilizer forms 
such as FAA, fish emulsion, hydrolysate, or digestate. FAA, 
in particular, is gaining popularity due to its ease of use as 
a liquid fertilizer and its ability to provide micronutrients 
to plants while also nourishing beneficial soil bacteria 
(Panomjan & Sukkaew, 2023; Radziemska et al., 2019). 
The effectiveness of the FAA depends on the type of fish 
waste used, additives incorporated (e.g., fruits, molasses, 
jaggery), and fermentation conditions. Understanding 
these variables is crucial for optimizing nutrient content 
and maximizing plant response.

Effect of FAA on soil properties

FAA enhances soil fertility by stimulating favorable 
Physical, chemical, and Biological aspects in the soil 
environment. 

Soil Structure and Organic Matter

The way soil particles and pore spaces are arranged in 
the fish tonic has an impact on nutrient availability, root 
penetration, and water retention.  Organic matter enriches 
the soil, enhancing fertility and supporting microbial 
activity essential for nutrient cycling and plant health 
(López-Mosquera et al., 2011)

Nutrient Supply

 Fish extracts are rich in micronutrients that are necessary 
for plant growth, such as potassium (K), phosphorus (P), 
and nitrogen (N). Plants receive a steady supply of nutrients 
from these nutrients as they are progressively released into 
the soil (Sivasankar et al., 2024).

Bioavailability of Nutrients

Fish tonic enhances nutrient bioavailability through organic 
matter and beneficial microbial communities. The FAA 
causes decomposition of organic matter, releasing nutrients 
in forms that plants can easily absorb. Soil structure is 
enhanced and microbial activity increased, leading to 
improved nutrient retention and utilization, which translates 
to healthier plant growth and greater resilience (Hartmann 
& Six, 2023). 

pH Buffering

 FAA is able to stabilize the soil pH and, with it, make the 
for nutrient availability more favorable. This improves 
nutrient uptake and enables optimal plant growth (Johari 
et al., 2020).
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Microbial Activity

Microbial activity in fish tonic enhances soil health by 
promoting nutrient cycling, organic matter decomposition, 
and disease suppression. Healthy microbial communities 
foster soil structure and fertility, supporting robust plant 
growth and resilience to environmental stresses (Naikoo 
et al., 2022). According to Krishnamoorthy et al. (2019), 
the optimum liquid organic nutrient form to maintain soil 
fertility consists of jeevamirtham + FAA, as it enhances 
soil microbial populations and gives way to a more 
nutritious and sustainable food production system.  It is 
easily absorbable and stimulates the metabolic activity of 
the soil microorganisms (Elavarasan, 2023). In particular, 
hydrolyzed fish protein helps the microorganisms absorb 
directly into the soil.

Environmental Sustainability

The use of FAA can contribute to environmental 
sustainability by reducing nutrient runoff and leaching 
compared to conventional fertilizers. This minimizes 
environmental pollution and preserves water quality (Qadir 
et al., 2024). FAA helps the natural cycle of soil (Ajmal 
et al., 2023). Amino acids from fish protect plants from a 
variety of diseases and aid in closing the quality-quantity 
divide in agricultural output (Ajmal et al., 2023).  FAA can 
be applied to increase plant resistance to drought, salinity, 
and disease levels. Improved nutrient availability and plant 
vigor help achieve it (Mahdavi et al., 2024). 

Disease Suppression

The peptides derived from fish by-products have been 
effective in inhibiting the proliferation of harmful 
microorganisms. Therefore, such bioactive substances 
might be crucial for plant health and decrease dependency 
on synthetic pesticides, thereby creating the ground for 
sustainable agriculture (Baraiya et al., 2024). FAA is made 
by mixing jaggery that helps to fight crop pests (Ghaly, 
2013). It enhances the fertility and productivity of the soil. 
Moreover, the addition of fish waste to the soil has been 
shown to increase microbial populations, thus selecting for 
beneficial organisms that naturally suppress the pathogens 
in the soil. This helps with the establishment of a better 
ecosystem in the soil for the production of crops with 
reduced diseases (Abdelhameed & Metwally, 2022).

FAA as a plant growth enhancer 

FAA affects plant growth and development because it 
can enhance the physical characteristics of soil into a 
positive state that can balance the nutrient status of the soil 
profile.  According to Priyanka et al. (2019), a significant 
improvement in growth and development was reported. 
The foliar application of FAA showed a tremendous 
effect on the growth parameters like plant height, leaves 
per plant, and leaf area index of Amaranthus grown using 
urea to rectify the balance composition (Ramesh et al., 
2020). Plant Height, leaf count, and chlorophyll content 
were increased by 16.5%, 12.6% and 8.1%, respectively, 
when 1% FAA was applied topically as compared to the 
control group. Enhanced metabolic activity, cell division, 

and absorption and assimilation of various nutrients found 
in the FAA may result in greater plant height, leaf count, 
and chlorophyll. However, heightened metabolic activity 
drives increased cell division, resulting in a greater number 
of leaves and increased chlorophyll content. 

This, subsequently, promotes photosynthetic activity 
that ultimately improves yield characteristics and grain 
production (Priyanka et al., 2019). Improved soil nitrogen, 
and the foliar application of FAA stimulated increased cell 
division and metabolic activity, which led to increased 
plant height at all growth stages (Sanjutha et al., 2008; 
Vasumathi, 2001).  A foliar spray of FAA combined with 
egg amino acid was found by Priyanka et al. (2019) to have 
considerably increased LAI, resulting in increased soluble 
protein and yield.  Application of FAA and fertilizer in the 
proposed dose improves the yield due to faster absorption 
and assimilation of nitrogen, phosphorus, potassium, and 
micronutrients more than the aerobic ones (Priyanka et 
al., 2019). Watermelon (Citrullus lanatus) growth and 
development, production, and content of lycopene and 
total soluble solids are increased significantly by leaf 
soaking with FAA mix and Oriental Herbal Nutrient extract 
(Gasana & Kim, 2020). Amino acids are quickly taken by 
the plant and make up at least 60% of the total nitrogen 
ingested (Abd El-Aal et al., 2010). 

Effect of FAA on the growth, yield, and quality of 
various crops 

FAA is an extract that is produced by fish waste or residue, 
that used as a growth enhancer and a quality enhancer in 
different stages of crop growth, and it significantly impacts 
it. As per the findings of Sivasankar et al. (2021), the 
foliar application of FAAs and the application of organic 
manure have both greatly aided in the growth of plants. 
Applying organic manure has gradually increased the 
growth characteristics of the replicate at various levels. 
According to Amin et al. (2011), the amino acids included 
in FAA are known bio-stimulants that function as growth 
hormone equivalents to promote growth by stimulating 
photosynthesis. Sivasankar et al. (2021) reported that the 
use of FAA with farmyard manure and vermicompost led 
to Tagetes erecta L. (African marigold) producing the 
maximum number of leaves per plant, which was noted 
as 15.86 at 90 DAT. The investigation demonstrates that 
organic nutrient strategies hold promise for boosting the 
plant growth of African marigolds.

The level of FAA-fermentation to promote sweet corn harvest 
was considerable, and it showed the maximum mean yield 
of 15.12 kg per plot (Puhagan et al., 2019). In this context, 
as a nitrogen fertilizer, plant-based FAA is important to the 
enhancement of metabolism because nitrogen is essential 
for carbohydrate, protein, and lipid synthesis in plant 
tissue. Consequently, it significantly promotes vegetative 
plant (Shwe & Moe, 2018). Foliar nutrition offers premade 
building blocks for protein synthesis in the form of foliar 
spray and protein hydrolysate, also referred to as amino acid 
liquid (Shahrajabian et al., 2022).  Shwe and Moe (2018) 
reported that FAA foliar application at a concentration of 
12 mL/L significantly enhanced the plant height, number 
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of young shoots and flowers, and superior fruit quality of 
pumpkin plants (Cucurbita spp.). These findings suggest 
that FAA foliar application can be an effective bio-stimulant 
for improving both vegetative and reproductive growth in 
pumpkin cultivation. The application of FAA mix with 
poultry yard manure reports significantly higher agronomic 
characteristics of fox tail millet, such as height, leaf number, 
leaf area, and higher values of harvest indices (Debbarma 
& Nissi, 2022).  The findings are consistent with work 
on the use of waste, which considerably raised the fresh 
weight of the lettuce crop. Furthermore, Xu and Mou’s 
(2017) reported that hydrolyzed proteins obtained from fish 
significantly increased chlorophyll content, photosynthetic 
rate, stomatal conductance, and transpiration rate of lettuce 
(Lactuca sativa) cultivated in a growth chamber condition. 

FAA is used in cereal, vegetable, and fruit crops such as 
amaranths (Ramesh et al., 2020), watermelon (Gasana & 
Kim, 2020), African marigold (Sivasankar et al., 2021), 
okra (Johari et al., 2020), and green grams (Priyanka et 
al., 2019) indicated positive results on vegetative and 
yield characters. Moreover, FAA improves green gram cell 
proliferation and metabolic activity, claim Priyanka et al. 
(2019). These beneficial effects increase photosynthesis, 
which in turn raises the amount of green gram grain 
produced. Gasana and Kim (2020) reported yield and yield 
components of watermelon were all positively benefited 
by the combination of FAA and oriental herbal nutrient 
foliar that was sprayed. In rice plants, germination rates, 
seedling growth, leaf area, and chlorophyll content were 
all markedly enhanced by seed priming (0.10%) with 
FAA and foliar spray (0.15%), which eventually increased 
photosynthetic efficiency (Panomjan & Sukkaew, 2023). 
Recent researchers have focused on exploring the use of fish 
waste extracts as part of organic and sustainable farming 
systems aimed at reducing chemical inputs. These efforts 
align with the broader goal of promoting eco-friendly 
agricultural practices while enhancing crop productivity. 
In parallel, researchers are delving into natural variations 
and traits in crops to develop resilient and high-yielding 
varieties. 

Rice, a staple crop, is also a subject of such studies, 
with significant research focused on understanding its 
agronomic, genetic, and yield traits (Pushpakumari & 
Geekiyange, 2015a; Pushpakumari & Geekiyanage, 
2015b; Pushpakumari et al., 2017). For instance, variations 
in agronomic characters of traditional rice varieties 
like Masuran in response to planting dates have been 
documented, providing insights into optimizing cultivation 
practices under different environmental conditions 
(Pushpakumari et al., 2024). Research into reusing solid 
waste materials into organic fertilizer further exemplifies 
the shift toward recycling waste materials by effective 
warmiwash like foliar fertilizer application to different 
crops (Pushpakumari & Suthajini, 2023). Taken together, 
these studies highlight the critical importance of organic 
methods and the utilization of natural variations in shaping 
a sustainable future for agriculture.

 In actuality, the fish emulsion impact appears to be more 
associated with the nutritional base property for isolates 

of bacteria and actinomycetes than with a straightforward 
improvement of the overall soil microflora. In order to 
assist radish growth in difficult soils, EI-Tarabily (2003) 
reports the first application of fish emulsion as an efficient 
food source for rhizobacteria that promote plant growth. 
Since amino acids are the building blocks of protein, 
the fundamental component of all living cells, they are 
widely known for raising crop yield and quality overall. 
According to Stephen et al. (2016), the application of FAA 
affects okra and brinjal’s nutrient intake, yield, quality 
indicators, and crop growth.  Several factors resulting from 
FAA applications, together with various sampling periods, 
affected the measured lengths of okra shoots (Abelmoschus 
esculentus). The amount of FAA applied to the soil 
substantially affected pH measurements, and the number 
of weeks determined soil water levels. Results indicate that 
FAA treatment serves as a vital factor for optimizing plant 
development and soil functionality, which makes it suitable 
for creating sustainable okra cultivation systems. 

According to Buang et al. (2018) indicated that 20 mL of fish 
waste extract was the most effective treatment, significantly 
increasing vine length, leaf number, chlorophyll content 
(SPAD), stomatal conductance, and leaf total soluble 
solids (TSS) of cucumber compared to other six treatments 
of control, NPK fertilizer, and fish waste extract at 
concentrations of 10 mL, 40 mL, and 50 mL. The highest 
leaf area was observed in plants treated with 50 mL of fish 
waste extract. Additionally, fish waste extract positively 
influenced chlorophyll concentration, carotene content, 
chlorophyll fluorescence, and photosynthetic efficiency. 

Yield-related parameters such as flower number, fruit 
number, and individual fruit weight were also significantly 
improved. The study concludes that 20 mL of fish waste 
extract is the optimal treatment for enhancing cucumber 
growth, yield, and quality, suggesting that further research 
on its foliar application in Cucurbitaceae crops is warranted. 
Cucumbers’ growth and yield are strongly influenced by soil 
and climate conditions. Differentiating the soil and climate 
conditions is necessary for the optimal performance of each 
species. Nutrition is one of the main agro techniques that 
influences the growth and yield of cucumbers. The type, 
fertility, agroclimatic conditions, and variety of the soil all 
affect the crop’s nutritional requirements. The crop’s roots 
should spread out and expand swiftly because of its short 
lifespan and rapid growth (Buang et al., 2018). Hence, for 
good production and quality of cucumber yield, without 
inorganic fertilizers, FAA can be used as an alternative. A 
light foliar mist or soil drench could be used to improve 
absorption and decrease runoff or leaching. In order to 
maintain plant health, the plant would receive exactly 
enough nutrients for optimal uptake and chlorophyll 
production (Ajmal et al., 2023). Therefore, bacterial and 
actinomycete isolates were investigated in the commercial 
fish emulsion as a medium for plant growth and as a 
nutritional foundation to encourage the growth of cucumbers 
(Cucumis sativus L.). Three actinomycetes were among the 
six bacterial isolates that were chosen from a screening of 
54 bacteria, 23 of which were actinomycetes, based on their 
capacity to colonize cucumber plants and produce plant 
growth regulators (PGRs). These isolates were cultured 
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on autoclaved and non-autoclaved fish emulsion media 
with and without inorganic fertilizers. Analysis of plant 
growth regulator (PGR) types and concentrations, as well 
as nutrient contents in treated plant tissues, was conducted 
to elucidate the mechanism by which growth promotion 
was mediated. Fish emulsion acts on plant growth in sandy 

soil just as efficiently as inorganic fertilizers. Further 
examination of the effects revealed that both autoclaved 
and unautoclaved fish emulsion markedly boosted plant 
growth, with bacterial and actinomycete isolates being 
more effective growth promoters than inorganic fertilizers 
(El-Tarabily et al., 2003).

Table 3: Key findings on the effects of Fish Amino Acid (FAA) application on the growth, physiological traits, and yield 
of various crops, as reported in previous studies.

Crop Key findings of the FAA effect    References

Green Chilli
 Capsicum annum

Improved plant height, leaf length, leaf width, and 
yield

Shama & Nimalan, 2023

Cucumber 
Cucumis sativus

Improved vine length, number of leaves, 
chlorophyll content, flower production, fruit 
numbers, and fruit weight

Buang et al., 2018

Watermelon 
Citrullus lanatus

Improved vine length, length of internodes, number 
of leaves, fruit weight, and length.

Gasana & Kim, 2020

Okra
Abelmoschus Esculentus

Increased root and shoot length, plant biomass. Johari et al., 2020

Rice
Oryza sativa

Improved total chlorophyll content. Priyanka et al., 2019

Amaranthus Amaranthus sp Increased plant height, number of leaves, 
chlorophyll content, and yield.

Ramesh et al., 2020

Ash Gourd Improved nutrient contents. Dhanushkodi & Nageswari, 2022
Green gram
Vigna radiata 

Increased plant height, number of leaves, and 
chlorophyll content.

Priyanka et al., 2019

Tomato 
Solanum liycopersicum

Increased fruit weight Rebuza et al., 2022

Pumpkin
Cucubita mxima

Increased plant length, fruit size, and yield. Shwe & Moe, 2018

Environmental and economic impact 

Management of waste is one of the most important 
environmental challenges today, especially organic waste 
from food industries. Fish processing generates large 
amounts of by-products such as fish heads, bones, skins, and 
viscera, which are often discarded and can cause pollution 
if not properly handled. Water contamination of fish waste 
can be controlled by producing FAA (Ahuja et al., 2020). 
This not only recycles waste that would be sent into the 
environment but also helps to recycle resources instead of 
discarding them. FAA, when used as a land application or 
as a foliar spray, rejuvenates the soil, adding amino acids, 
nitrogen, and other substances that are necessary in the 
growth of plants. Plants need amino acids from fish to grow 
rapidly and endure stress better; these acids form proteins 
and enzymes in plants (Bano et al., 2025). FAA boosts the 
growth of good microorganisms in the soil, which has a 
significant role in nutrient recycling and organic matter 
decay. FAA stimulates the microbial activity, strengthens 
the soil structure, boosts the bioavailability of the nutrients, 
and aids natural fertility of the soil (Ajmal et al., 2023). 
This biological practice minimizes the use of chemical 

fertilizers, which are linked with adverse environmental 
effects like acidification of soil, eutrophication of water 
bodies, and emissions of greenhouse gases. The FAA 
aids in mitigating the negative agricultural impact on 
the environment by undertaking regenerative activities. 
When compared to traditional chemical fertilizers, whose 
impact typically involves destabilizing soil ecology, FAA’s 
preference is for biodiversity, both on land and under 
land. The presence of pests, healthier soils, wider range of 
microbial populations are resistant to ecosystem shocks, 
including diseases and climatic changes. 

Economically, the potential of FAAs as an agricultural input 
is immense owing to their ability to upcycle unused fisheries 
by-products into novel biostimulants that promote plant 
growth and nutrient efficiency, with the added advantage 
of converting waste substances into crop coproducts. FAA 
is economically beneficial to the smallholder as well as the 
resource-poor farmers, among other benefits. The primary 
raw materials used in the production of FAA, which are 
fish waste and brown sugar, are available at affordable 
costs (Ajmal et al., 2023). FAAs, which are isolated by 
enzyme- or microbe-mediated hydrolysis of fish processing 
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byproducts, can deliver organic amino acids to crops that 
enhance nutrition absorption and abiotic stress resilience in 
addition to decreasing the demand on synthetic fertilizers, 
which might hence decrease farmers’ input expenditures 
and stabilize crop yields (Coppola et al., 2021; Lu et al., 
2024). 

From the fisheries industry’s point of view, the potential 
to turn the fish waste into amino acid-rich fertilizers can 
turn the liability of disposing of waste into generating value 
by supporting the stakeholders and circular bioeconomy 
models and enhancing the economic sustainability in both 
industries (Zhang et al., 2021). Furthermore, although 
the use of FAA-based fertilizers has proved to raise 
crop yields and quality in the case of vegetables and 
hydroponic production systems, it has to compete with 
established inorganic fertilizers, necessitating both product 
enhancement and the need to educate interested farmers 
to increase demand (Ahmed et al., 2021; Kechasov et al., 
2021). Moreover, the replacement or supplementation of 
mineral fertilizers with organic (fish-derived) amino acids 
were found to increase nitrogen use efficiency and soil 
fertility as well as decrease on environmental externalities, 
which could be converted into long-term economic gains 
as low environmental external costs and sustainable land 
management occur as well as environment relevant laws 
are followed (Lu et al., 2024; Wei et al., 2020). The rising 
economic potential of FAA and their application as a 
multifunctional input bridging the gap between sustainable 
agriculture and fisheries wastes management is founded on 
technological development to bring production down to cost 
levels, to enhance nutrient standardization, and integrating 
them into combined fertilization regimes, as well as, 
growing market demand of organic and environmentally 
friendly agricultural inputs (Kim, 2011; Lu et al., 2024). 

Fish waste processing plants, whether small-scale or 
large-scale, have the potential to supply employment, earn 
fishers/fish processors more money, and build their own 
local economies. Moreover, this waste collection can be 
supplemented by the current agricultural experience and 
industrial complements of fisheries and aquaculture and 
farming commodities. Fish farms, as an example, could 
have closed-loop systems, with the fish waste being used 
on the same farm to become a fertilizer or bio stimulant 
on other farms, thus eliminating transportation and 
further supporting the concept of local, self-sustaining 
food systems. Moreover, the advancement of extraction 
technologies has demonstrated the potential to contribute 
to a drastic increase in the efficiency and intensity of 
fish waste valorization. Fish waste can be used to extract 
high-value compounds through effective enzymatic 
hydrolysis, supercritical fluid extraction, and ultrasonic 
extraction, causing minimal damage to the environment. 
As an example, the fish proteins are digested to generate an 
available form of peptides through enzymatic hydrolysis 
without the use of any severe chemicals. This specific lipid 
extraction can be done using carbon dioxide as the solvent, 
and supercritical fluid extraction can be used to selectively 
extract lipids and bioactive compounds without altering the 
functional properties. These more sophisticated extraction 
processes could lead to the production of tailored, fish-

based fertilizers and bio-stimulants and allow their blanket 
application across the full crop supply chain using precision 
agriculture, and, at the same time, maximize efficacy and 
applicability.

Limitations and challenges 

Constrains and challenges of FAAs as organic fertilizers 
and bio stimulants are economic, technical, environmental, 
and regulatory. The odor inherent to products of products 
hence fish, poses a challenge to user acceptance and creates 
complexities in storage stability due to microbial spoilage 
unless stabilized, and there is a challenge with limited shelf 
time and transportability. Irregularity in nutrient content 
caused by variation in feedstock source and agricultural 
processing interferes with uniform formulations, which 
are essential to ensure accurate application rates and 
regulations.  Due to clogging of irrigation infrastructure 
and reductions in nutrient transport with organic residues 
in FAA formulations, more filtration or treatment steps may 
be necessary, and biomass accumulation may be negatively 
affected compared to inorganic nutrient solutions, as 
seen in its trials with lettuce and tomatoes (Ahmed et 
al., 2021; Kechasov et al., 2021). Regulatory challenges 
are based on pathogen and heavy metal contamination 
potential present with fish waste, and to be used safely, 
these materials should be well-squared up well through 
rigorous pretreatment and quality assurance strategies. The 
inadequate farmer awareness, uncertainty of efficacy with 
synthetic fertilizers and lack of extension support hinder 
market adoption. The possible effects on the environment 
are the risks of phosphorus buildup and eutrophication 
as a result of FAA overapplication or its unbalanced 
use, requiring close nutrient control (Lu et al., 2024). 
Furthermore, FAA’s production environmental footprint is 
susceptible to the amount of energy it consumes and may 
be sustainable through the use of non-renewable sources 
of energy or long haulage distances, partially negating the 
effect on sustainability benefits (Badagliacca et al., 2024). 
Technical issues still exist, such as in improving reactions 
of hydrolysis processes, to produce the highest yields of 
amino acids with minimal degradation, e.g., by controlling 
the temperature and duration of a reaction in hydrolysis of 
sub- and supercritical water, affecting the quality and cost 
of products (Kang et al., 2001). The combined effects of 
these limitations limit the wider application of FAAs, even 
though they have agronomic and environmental benefits. 
To overcome these limitations, researchers should work 
on the following: effective and affordable production 
technologies, deodorization, and standardization of nutrient 
delivery protocols, regulatory standards, and the use of 
system-specific integrated nutrition approaches to integrate 
FAA into sustainable farming to maximize their potential.

Future implications of fish waste extraction

Perhaps the most promising component of the whole fish 
waste extraction process is the ability to make organic 
fertilizers and soil conditioners that will support plant 
growth and soil health while bypassing the environmental 
impact of synthetic fertilizers. The nitrogen, phosphorus, 
potassium, calcium, and trace minerals found in fish waste 
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are all critical for the growth and productivity of plants. 
Liquid fish waste is are traditional fish emulsion fertilizer 
that plants can readily absorb, and is the preferred organic 
fertilizer by many farmers. In addition to supplying 
necessary nutrients, fish-based fertilizers applied to the soil 
also raise microbial activity, improving soil structure, water 
retention, and the availability of nutrients. In particular, this 
method is an absolute winner for depleted soils: fish waste 
extracts, as time goes by, do rejuvenate and restore soil 
fertility. But also, fish-based fertilizers release nutrients 
slowly, giving long-lasting nourishment to grow crops, 
requiring way less frequent fertilizing. One of the other 
promising applications to fish waste extraction is capable 
of improving crop resilience to environmental stressors. 
Fish protein hydrolysates, which are proteins broken 
down into smaller peptides and free amino acids, have 
been demonstrated to possess bio-stimulant qualities that 
can enhance plants’ resistance to abiotic stressors such as 
salinity, drought, and temperature fluctuations.  Sometimes 
the term bio stimulant is also used to refer to plant stimulants 
that act at a physiological level; they promote root growth, 
increase water influx, and enhance the photosynthetic 
efficiency of the plant. In particular, certain amino acids 
such as proline, glycine, and glutamic acid (and abundant 
in fish hydrolysates) are involved in osmotic regulation and 
protection from stress in plants. Agricultural development 
is increasingly dependent on the climate resilience of crops, 
and research shows that incorporating fish waste-derived 
bio-stimulants like Fishel could help farmers increase their 
resilience to adverse environmental conditions.

Fish waste extraction also has soil and plant health benefits, 
and removes pests and disease threats to agriculture. There 
is potential for fish oil and fish waste in terms of some of 
the fatty acids it contains as biopesticides to deter pests 
and reduce the use of chemical pesticides. Additionally, 
emulsions from fish waste lipid-rich extracts can be 
sprayed onto the crops and provide a protective layer on the 
leaves so that the insects are less attracted to those leaves. 
Furthermore, fish waste-derived chitosan, a biopolymer 
that is extracted from fish scales, shells, and that has been 
evaluated for its antimicrobial properties, has also been 
shown to protect plants against the pathogens of fungal 
and bacterial origin. As a foliar spray, chitosan works 
as a stimulator of a natural defense response in plants, 
strengthening their immune system and preventing disease 
in plants. Farmers moving toward more ecologically 
friendly pest and disease control solutions can do so by 
merging fish waste-derived biopesticides and antimicrobial 
agents into their crop management practices.

Fish waste-derived fertilizers and bio-stimulants 
are practical in terms of application across different 
agricultural systems: traditional farming, organic farming, 
and urban agriculture. Fish waste-based products are 
also very much in favor of organic farming for organic 
farmers in particular, as they align with the sustainability 
and eco-friendly farming principles as a substitute for 
synthetic fertilizers and pesticides. Additionally, the reality 
that urban agriculture is becoming increasingly popular 
in response to increased demand for food security could 
help feed crops in small spaces, including rooftop gardens, 

hydroponic systems, and community gardens, with fish 
waste-based fertilizers. Small spaces in places like the city 
present problems for urban farmers, who need efficient 
nutrient solutions for high yield, but fish-based products 
are compact and high in nutrients, therefore ideal for urban 
farmers.

CONCLUSIONS 

The application of Fish Amino Acid (FAA) demonstrates 
significant positive effects on the growth, physiological 
traits, and yield of a wide range of crops. Across vegetables, 
cereals, and legumes, FAA consistently enhanced plant 
height, leaf and vine development, chlorophyll content, 
fruit and seed production, and overall biomass. These 
findings highlight FAA as a sustainable and effective 
organic growth enhancer, capable of improving both crop 
productivity and nutrient content. Incorporating FAA into 
crop management practices can serve as a viable alternative 
to synthetic fertilizers, promoting eco-friendly agriculture 
while supporting higher yield and crop quality. Future 
studies should focus on optimizing application rates and 
assessing long-term soil health and economic benefits to 
establish broader agricultural recommendations.
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