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Introduction
Biotechnology is an interdisciplinary ϐield that is largely 

oriented towards the industrial applications of microorganisms 
for the conversion of waste to useful products. The number of 
substances excreted by microorganisms is endless. They are 
classiϐied as simple compounds (eg, lower alcohols, acids, etc.) 
and complex compounds (eg, natural products and cellulosics) 
or as preliminary products and compounds evolving from 
secondary metabolism. Several fermentation procedures are 
used for the large-scale production of organic chemicals and 
high-energy fuels from renewable sources.

Citric acid can be produced by fermentation technology 
using various moulds, yeasts, and bacteria. Most of them, 
however, are not able to produce commercially acceptable 
yields [1]. Citric acid is a weak acid that occurs in nature. 
The term "citric acid" comes from the Latin word "citrus," 
which means any of a group of plants that produce juicy fruits 
with a slightly sour taste. Citric acid can come from natural 
sources (eg, lemon, lime, and orange) or synthetic sources (eg, 
chemical reaction and microbial fermentation) [2]. 

A large number of microorganisms, including bacteria and 
fungi such as Arthrobacter paraf ini, Bacillus licheniformis, 
and Corynebacterium spp., Aspergillus niger, A. aculeatus, 
A. carbonarius, A. awamori, A. foetidus, A. fonsecaeus, C. oleophila, 
C. guilliermondii, C. citroformans, Hansenula anamola, and 
Yarrowia lipolytica, have been used for citric acid production. 
Although Most of them are unable to produce commercially 
acceptable yields because citric acid is a metabolite of energy 
metabolism, and its accumulation only grows in appreciable 
amounts under conditions of drastic imbalances. The 
Aspergillus niger is widely used for commercial production 
of citric acid, because it produces more citric acid per unit of 
time [3,4]. 

Aspergillus niger is superior to other microorganisms for 
the commercial synthesis of citric acid because of its better 
production yield. It is easy to handle, can ferment various 
cheap raw materials, and delivers high yields. As such, strains 
of this microorganism can be improved to create industrial 
strains for use in commercial production, and mutagenesis and 
strain selection have been carried out for such improvement. 
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Different mutagens, including radiation, such as ultraviolet, 
X-rays, and gamma-rays, and chemicals, such as ethyl methane 
sulphonate and diethyl sulphonate, have been used to induce 
the mutation of A. niger [2,5]. 

The citric acid (2-hydroxy-propane 1, 2, 3-tricarboxylic 
acid) derives its name from the Latin word citrus, the fruit 
of the citrus tree, which resembles a lemon. Citric acid is a 
tricarboxylic acid with a molecular weight of 210.14 Da. With 
an estimated annual production of about 10, 00000 tons, citric 
acid is one of the fermentation products with the highest level 
of production worldwide. A considerable amount of citric acid 
is required in several industrial processes [6].

Citric acid is a water-soluble, specialty organic acid that 
exists as a white, crystalline powder and exhibits a signiϐicant 
buffering capacity in water. The global citric acid market in 
2023 is projected increase to $3.2 billion. It is estimated that 
over a million tons of citric acid are produced globally every 
year. Citric acid has been designated as Safe by the World 
Health Organization [7]. 

Citric acid (CA) is an organic acid that is generally 
found in a variety of fruits such as limes, lemons, oranges, 
pineapples, and grapefruits. It is a natural ingredient that aids 
in detoxiϐication, maintaining energy levels, and supporting 
healthy digestion and kidney function. It has a slightly tart 
and refreshing ϐlavor and is employed for balancing the 
sweetness in soft drinks, juices, and other beverages. Citric 
acid is used in the food and beverage (F&B) industry due to its 
antioxidant properties to preserve the food or as an acidiϐier to 
enhance the ϐlavors and aromas of fruit juices, ice cream, and 
marmalades. In the pharmaceutical industry, it is used as an 
antioxidant to preserve vitamins, effervescent, pH corrector, 
blood preservative, iron citrate tablets as a source of iron for 
the body, ointments and cosmetic preparations, and so forth. 
In the chemical industry, it is used as a foaming agent for 
softening and treating textiles. In metallurgy, certain metals 
are utilized in the form of citrate. Because of less eutrophic 
effect, CA is used in the detergent industry as a phosphate 
substitute [2,3].

Citric acid has a wide range of applications as a versatile 
and secure alimentary addition across a variety of commercial 
sectors, including the chemical, pharmaceutical, cosmetic, and 
food industries. To fulϐill the escalating demand for citric acid, 
there is an urgent need for production methods that are both 
affordable and environmentally friendly. It will take some 
time to fully comprehend the mechanics and characteristics 
of citric acid, and it must be generated in ways that ensure 
its sustainability, abundance, and excellent quality. The citric 
acid production from the West also highlights the potential 
of biotechnology to turn west in to wealth while addressing 
environmental and economic challenges . 

This review aimed to introduce citric acid production from 

fruit waste using Aspergillus niger, leveraging an eco-friendly 
and cost-effective biotechnological process that converts 
agricultural residues into a valuable industrial product 
while promoting waste reduction and sustainability with the 
following scope, purpus and importance of the review. 

Scope of the review

This review focuses on exploring citric acid production 
using Aspergillus niger and fruit waste as a substrate. It covers 
the biological and biochemical aspects of A. niger, the types of 
fruit waste suitable for fermentation, and the optimization of 
production parameters such as pH, temperature, aeration, and 
nutrient concentration. The review also discusses advances 
in fermentation technology, downstream processing, and 
sustainability approaches in industrial-scale citric acid 
production. Combining ϐindings from past and current studies, 
it provides a comprehensive understanding of how waste 
materials can be transformed into valuable bioproducts.

Purpose of the review

The main purpose of this review is to analyze, summarize, 
and evaluate existing research on the sustainable production 
of citric acid from fruit waste using Aspergillus niger. It 
aims to identify effective strategies for improving yield, 
reducing production costs, and minimizing environmental 
impact. Furthermore, the review serves as a scientiϐic basis 
for developing a sustainable and cost-effective process 
that contributes to waste management, industrial resource 
efϐiciency, and eco-friendly biotechnological applications.

Importance of the review

Citric acid is one of the most widely used organic acids in 
the food, pharmaceutical, and cosmetic industries. However, 
conventional production processes often rely on expensive 
substrates, leading to higher costs and environmental 
concerns. Utilizing fruit waste as a fermentation substrate 
provides a dual beneϐit—waste reduction and value addition 
to agricultural by-products. This review is therefore important 
because it:

• Promotes sustainable and circular economy practices 
by converting waste into valuable industrial products.

• Enhances the cost-effectiveness of production through 
the use of low-cost raw materials.

• Supports environmental conservation by minimizing 
waste disposal problems.

• Contributes to the development of green biotechnology 
and eco-friendly industrial processes.

Literature review
Application of citric acid in different industries 
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Global market 

One estimate places the global citric acid market at around 
USD 3.78 billion in 2022, with a projected size of USD 5.17 
billion by 2030 (CAGR ~4.0 %). Another study reports a 
market value of about USD 3.65 billion in 2023, expected to 
reach USD 5.12 billion by 2032 (CAGR ~3.82 %). In terms of 
volumes, the market was estimated at ~ 3.0 million tonnes in 
2024, with a forecast of ~3.7 million tonnes by 2033 (CAGR 
~2.5 %). A somewhat lower alternate estimate states ~USD 
4.18 billion in 2023, reaching ~USD 6.71 billion by 2033 
(CAGR ~4.6 %). 

Discussion
Citric acid production using Aspergillus niger has proven to 

be one of the most efϐicient microbial fermentation processes 
in industrial biotechnology. Traditional methods rely heavily 
on reϐined sugar-based substrates such as sucrose or glucose, 
which increase production costs and compete with food 
resources. The use of fruit waste as an alternative substrate 
offers an economical and eco-friendly solution by converting 
low-cost agricultural residues into high-value products. 
Studies have demonstrated that fruit wastes such as orange 
peels, pineapple residues, banana peels, and mango pulp 
contain sufϐicient carbohydrates, minerals, and nutrients to 
support A. niger growth and citric acid biosynthesis.

The performance of A. niger in citric acid fermentation 
depends on multiple factors, including pH, aeration, 
temperature, sugar concentration, nitrogen limitation, and 
trace elements. Optimizing these parameters signiϐicantly 

enhances citric acid yield. Various researchers have reported 
that pH values around 2–3, temperatures of 28 °C – 32 °C, and 
high sugar content favor acid accumulation, while nitrogen 
limitation stimulates citric acid synthesis by diverting carbon 
ϐlux from biomass formation to organic acid production. 
Furthermore, the use of solid-state fermentation (SSF) and 
submerged fermentation (SmF) systems has shown promising 
results, with SSF being particularly attractive for fruit waste 
utilization due to reduced energy and water requirements.

Besides yield improvement, the development of this process 
contributes to environmental sustainability. Converting fruit 
residues into citric acid helps in waste reduction, decreases 
environmental pollution, and supports circular economy 
practices. Additionally, advancements in strain improvement, 
immobilized cell systems, and genetic engineering of A. niger 
are expanding the scope of industrial-scale production with 
enhanced productivity and reduced costs [20-28].

Conclusion
The production of citric acid from fruit waste using 

Aspergillus niger represents a sustainable, cost-effective, and 
environmentally friendly alternative to traditional processes. 
Fruit wastes provide an abundant and renewable source of 
carbon, while A. niger serves as an efϐicient microbial producer 
capable of high yield under optimized fermentation conditions. 
This approach not only adds economic value to agricultural 
by-products but also aligns with global efforts toward waste 
valorization, green biotechnology, and industrial resource 
efϐiciency.

Industries Applications Reference
Food Enhancing the activity of antioxidant preservatives (citrate powerful chelating agent for trace metal ions)

Ewelina Ksi azek, 
2024, [8]Beverage Acidulant and pH stabilizer

Flavoring agent The sharp, acidic taste of citric acid can help mask the unpleasant, medicinal taste of pharmaceuticals.
Environmental 

remediation
A chelating agent sequesters heavy metals, including radioactive isotopes, easing the removal of hydrophobic organic 

compounds
YING-YING GU, et al. 

2013, [9]

pharmaceuticals
Citrate chelates calcium, reducing the tendency for blood to clot Sotoyama M, et al. 

2017 [10], Yıldız S, et al. 
2018 [11], 

It is used as an anticoagulant, effervescent in combination with bicarbonates or carbonates, a ϐlavoring agent, and a 
stabilizer. It imparts the desired sour taste, which helps mask medicinal ϐlavors.

Dairy products
Sodium citrate is used in cream production to stabilize casein, prevent the formation of creams during hot milk beverage 
production, and act as an emulsiϐier to stabilize the water and oil phases in cheese production. Aqueous solutions of citric 

acid are used for milkstone removal from equipment.
Fiume M, et al. 2012 [12]

Meat products
It acts as a chelating agent, helping maintain the natural color and prevent discoloration of preserved meats; acts as an 

antioxidant and synergist for antibacterial agents.
Sodium citrate is used in slaughterhouses to prevent the coagulation or clotting of fresh blood.

Singh Dhillon, et al. 
2011 [13]

Water puriϐication Solutions of citric acid are used to remove iron, calcium, and other cations that damage cellulose acetate membranes used 
in reverse osmosis systems.

Majumder S; Nath, et al. 
2013 [14]

Biomedical engineering Utilized as a copolymer in nanomaterials to encapsulate biologically active compounds Naeini AT, et al. 2010 [15]
Electroplating It is used as a chelating agent to control the metal deposition rate on substrates. 

Soccol Carlos, R. et al. 
2006 [16]Metallurgical industry Cleans the steam boiler from metal oxides and puriϐies iron and copper oxides used in nuclear reactor welding 

Textile industry  It is used for pH regulation, as a buffer, and as a chelating agent in the dyeing process. 
Sea food Prevents discoloration and the development of unwanted odors by chelating metals Dziezak JD, 2003 [17]

oils Used in the deodorization and hydrogenation of oil to chelate metal ions, catalyze the rancidity of fats, interrupt the 
formation of peroxides and other oxidation products in the auto-oxidation of oils.

Soccol Carlos R, et al. 
2006 [16]

Detergent and cosmetics It is added to hair care products, cosmetics, and detergents for pH regulation and used as a stabilizer, buffering agent, and 
chelating agent to prevent discoloration.

Shalaev EY, et al. 2002 [18], 
Fiume M, et al. 2012 [12], 

candies Acts as an acidulant. Provides tartness. Minimizes sucrose inversion. Produces dark color in hard candies. Prevents 
crystallization of sucrose Carlos R, et al. 2006 [16]

fertilizer Forms chelate with Fe, Cu, Mg, and Zn, used for soil correction, increase phosphorus availability to plants, are employed to 
remove lead from contaminated soils, and are used for copper chelation in algaecides for water reservoirs.

Paleckiene R, et al. 
2005 [19]
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Future research should focus on optimizing fermentation 
parameters for different fruit waste types, improving strain 
performance through molecular and metabolic engineering, 
and scaling up the process for industrial application. 
Overall, integrating biotechnological innovation with waste 
management strategies can ensure the sustainable production 
of citric acid and contribute to a cleaner and more circular 
bioeconomy.
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