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Abstract
Research estimates food loss or waste generated accounts to 35% of the total global food production. Further, food waste impacts social, economic, sectors of the society and also adversely impact the environment. In the food industry liquid food waste poses major problems due to contamination of soil and water thus harming the ecosystems. Greenhouse gas emissions (methane(CH4), foul odors, attracting pests, and wasting valuable resources are additional problems (water, land, energy). Further they pose public health risks, and economic inefficiency. The present review aims to cover the current knowledge on liquid food waste and management and to update the present methods and trends.  It aims to assess knowledge-gaps thus paving way for research and development. The review covers the area of treatment Anaerobic digestion, Composting , Fermentation , Air flotation and Filtration methods and Evaporation in details along with newer methods such as supercritical fluid treatment. Since several liquid products contain biomolecules with diverse applications in food, live-stock, medical and pharmaceutical industry. The value-added products and eco-friendly reuse of the waste by-products is discussed to gain insights on the broader applications. Hence, newer sustainable methods and research efforts are required to tackle the problem at several levels.
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1.0.Introduction-Liquid food waste composition and statistics 
Food waste is a major global problem that has a big impact on the environment, society, and economy. An estimated one-third of the food produced globally for human use is wasted annually (Manzoor et al., 2024). Every phase of the food supply chain, from preparation and distribution to consumption and distribution, is impacted by the issue of food waste. Due to spoilage, overproduction, inefficient distribution, and consumer behavior, a significant proportion of food is wasted worldwide (Todd et al., 2024). Large quantities of food, both liquid and solid, are regularly disposed of at the end of the supply chain by houses and retailers. On the other hand, poor storage facilities, inadequate infrastructure, and inefficient transportation lead to issues in developing countries (UN Environment Programme, 2024). According to research by the Food and Agriculture Organization (FAO), food losses and waste lead to resource inefficiencies, resulting in an annual economic impact estimated in the trillions of dollars (FAO report 2024). Moreover, the effects of food waste on the environment go beyond the amount of food that is discarded. Due to the high organic matter content of food waste, improper handling—such as open dumping—can lead to the organic matter breaking down and releasing a significant amount of greenhouse gases into the atmosphere, including (CH4) (World Resource Institute). In addition to wasting precious resources, food waste contributes to climate change by producing significant greenhouse gas emissions (Bhatia et al., 2023). The alarming figures, as well as the environmental impact of food waste, underline the crucial need for effective waste management systems. These initiatives not only mitigate their negative environmental effects, but also promote sustainable habits (Sarangi et al., 2024). 

The food processing industry primarily relies on biological materials, which can be agricultural, animal, or aquatic in origin (Arvanitoyannis 2007). Also, it is energy intensive and requires a large amount of water. The process of preparing raw materials for processing generates significant amounts of solid and liquid waste, such as fruit and vegetable stalks, shells, peels, and cores; trimmings, bones, hides, and shells in the case of farm and aquatic animals; and spillages, whey, and etc in the dairy industry. Table -3 is a summary of composition of Food Waste. It also employs large volumes of cleaning and sanitizing agents, which are dumped into the effluent lines (Waldron 2007).

2.0.Methods of Liquid food waste treatment.
Liquid food waste treatments aim to recover energy (biogas/biofuel) or nutrients (fertilizer) using methods such as Anaerobic Digestion (AD) for biogas, solids conversion to compost, or the use of advanced methods such as Evaporation/RO for nutrient-rich liquid fertilizer (Battista et al., 2019). The treatment process consists of first solids/oil separation, biological treatment (bacteria), and final polishing to achieve a circular economy solution. These eventually reduce landfill waste and create valuable resources (Gonçalves and Maximo 2022).
2.1. Anaerobic digestion
Anaerobic digestion is a carbon management process that occurs in the absence of oxygen (Michelle 2013). It is the process of transforming organic waste into biogas gas. This process primarily entails the synthesis of (CH4) and carbon dioxide(CO2), with the gas produced being used directly as cooking fuel, to power gas engines, or to be upgraded into natural gas-quality bio-methane (Milano et al., 2016). Anaerobic digestion is suitable for all organic materials, and the selection of a digestion system depends on the moisture content of microalgae and the carbon (C) and nitrogen (N) ratio of the microalgae, in which the optimal C and N ratio being 20-30:1. Data suggest an excess of N will result in (NH3) inhibition of digestion (Swaminaathan et al., 2024). The feed rate into the system equals the biogas output rate plus the digestate (solids plus liquor, or "centrate"). The solids consist of undigested feed material and the microbial biomass generated. The fluid contains water, as well as any soluble organic chemicals and salts (Morales-Polo et al., 2018). The solids produced by anaerobic digestion of sewage are known as biosolids. The fraction of input solids converted ranges between 40% and 60%, depending on a variety of factors including solids retention period, feedstock composition, digester configuration, and digester operation conditions (Kumar et al., 2024). Many AD operations use chemical oxygen demand (COD) as a parameter to assess digestion (Zainal et al., 2022). Figure-1 describes the scheme of operation Anaerobic digestion.

Anaerobic digestion is a process of breaking down organic material by bacterial hydrolysis; subsequently, the acidogenic bacteria convert the sugar and amino acids into CO2, hydrogen (H2), and (NH3), whereas the methanogenic bacteria convert the intermediate products into end products, which are (CH4) and CO2 (Grosser and Neczaj, 2022). Among various microorganisms, Bacillus species are notable for their ability to degrade starch, protein, and cellulose, making them ideal candidates for food-waste management. Currently, anaerobic digestion is commonly used in macroalgae species such as Macrocystis pyrifera, Sargassum, and Laminaria in order to produce biogas (Rehman et al., 2019). Direct enzymatic activity in microbial cultures is a promising simplified enzyme assay for microbial screening and assessment of food-waste degradation (Im et al., 2025).
2.1.1. Products obtained from anaerobic digestion
a. Biogas
Anaerobic digestion produces biogas, with the CH₄ fraction accounting for 60% (±10%) and CO₂ accounting for the majority of the remaining percentage (Bhatt and Tao 2022). CH₄ is primarily used as an energy source to generate heat, electricity, and renewable natural gas, which may then be injected into pipelines or used as transportation fuel (Wood et al., 2023). CO₂ is removed to boost thermal value and reduce emissions, typically using water stripping or pressure swing adsorption. Biogas often contains modest quantities of H₂O, H₂S, and low nitrogen molecules (Jameel et al., 2024). H₂O reduces heating value and produces corrosion difficulties. Increasing the CH₄ proportion of biogas can enhance economics by increasing production and lowering cleanup expenses. Thermophilic AD has been linked to increased CH₄ generation. Co-digestion techniques can boost CH₄ production by balancing feedstock inputs and building superior consortia (Tezel et al., 2014). Feedstock pretreatment can improve CH₄ production and usage. Biogas contains just 30%-40% CO₂, which limits its usage in food processing (Kabeyi et al., 2022). With sufficient H₂, certain microorganisms can convert it to (CH4). The National Renewable Energy Laboratory recently demonstrated effective conversion of biogas CO₂ to (CH4) using a pressurized microbial bioreactor fed with biogas and H₂ produced by water electrolysis (NREL). Using renewable electricity to generate H₂ makes the process completely renewable. Alternatively, CO₂ could be a suitable option for carbon sequestration. Mahmood et al. (2023) propose using CO₂ to grow algae and remove nutrients from AD centrate, resulting in bioproducts.
b.Digestate
Anaerobic digestate is the liquid and solid portions that remain after the AD process (Lamolinara B et al., 2022). According to Chojnacka and Moustakas (2024), the solids fraction includes both undigested feedstock and microbial biomass created during digester growth. Organic degradation accounts for the majority of mass loss (Martín-Sanz-Garrido et al., 2025), hence the inorganic content typically matches that of the feedstock (e.g., potassium, phosphorous, and nitrogen levels). The chemical composition varies depending on the feedstock and digestion settings, and contains significant concentrations of cellulose, lignin, and protein (Yakatun et al., 2025). Due to the retained nutrient value, it is most often used as a fertilizer, though application is restricted in certain areas. Efforts in food waste digestate utilization are increasing over the years with the recent emphasis on diversion away from landfills and limits on land application due to nutrient and heavy metal buildup in soils.
c. Solid-Liquid Separation
The solid-liquid ratio in AD feed streams varies greatly depending on the source and has a significant impact on digester design, operation, and handling costs (Aguirre-Villegas et al., 2019). AD is classified as "wet" (less than 10% total solids), "semi-dry" (between 10% and 15% total solids), or "dry" (more than 15% total solids). Higher total solids can be handled in smaller digesters for reduced capital expenditures, and digestate with low moisture content requires less volume to transport and process (Li et al., 2023). Solid-liquid separation, also known as dewatering, is frequently required when adjusting the solid-liquid ratio. Dewatering, or thickening, is a primary unit activity in many AD facilities. AD solid-liquid separation methods include settling, microbial or chemical flocculation and/or coagulation, centrifugation, chemo- or electro-oxidation, acidification, air drying, hydrothermal treatment, ultrasound, electrochemical precipitation, pressing, and filtration (Rashmi and Devatha 2021; Divakar et al., 2022; Carraro, et al., 2024). Recent studies employing biochar as an AD supplement have shown favorable results in both (CH4) production and dewatering characteristics, however the biochar's impact on digestate end usage should be considered (Hu et al., 2023). 
Digestate is most commonly used for land application. The digestate has significant fertilizer value and can help restore regions that have lost topsoil, such as mining sites or deforested areas (Jankauskienė et al., 2024). Compost, home and garden fertilizer, landscape mulch, and even environmentally acceptable decomposable planters are examples of smaller-scale usage. Depending on the soluble chemicals available, the centrate can be converted into fertilizer. According to research, concentration and processing absorb around 10% of the total energy produced by the digester through evaporation and reverse osmosis. Nitrogen-balanced fertilizers can be produced by combining particular nutrient removal with (NH3) stripping and struvite precipitation. Because phosphorus (P) is a prominent component of many AD centrate streams, there is a strong interest in recovering this finite resource for a variety of reasons (Xu et al., 2018). Because of their rising volume and widespread availability, sewage biosolids have been extensively explored and developed for use as fuel (Paz-Ferreiro et al., 2018). After drying, the biosolids are burned directly, typically in a fluidized bed incinerator, yielding both heat and potential electricity (Skoglund et al., 2014). Another advantage is that the solids volume is significantly reduced, with stabilized inorganic ash being the primary residual. However, the technologies have drawbacks including pollutants that must be mitigated also they consume energy necessary to dry (Nylen and Sheehan 2023). Co-firing biosolids in existing coal- or biomass-fed power plants generates power from digestate while utilizing existing combustion, generating, and emission control infrastructure (Ansson et al., 2009). An advantage of this process is that P can be sequestered into the pellets instead of being discharged with the spent centrate. Not only does this remove and concentrate the P, but it has also been shown to eliminate pathogens such as Clostridium spp. (Ahmed et al., 2024). When burned, the resultant high-phosphorous ash could be used in fertilizer production.
d.Bio-Oil, Biochar, and Syngas
Thermal or thermocatalytic processing allows biosolids to be converted into liquid and gaseous fuels (Marzbali et al., 2024). Pyrolysis, gasification, and hydrothermal liquefaction are the methods employed for converting biosolids into such products, however pyrolysis is lagging in technological advancements (Awasthi et al., 2022).The fundamental distinctions between these technologies are the parameters (moisture, temperature, and pressure), which govern the products generated, their proportions, and the extent of conversion. Gasification (800°C with some O2) typically creates syngas (CO and H2) as well as tar, a major troublesome consequence (Jayanarasimhan et al., 2024). Pyrolysis (400°C-600°C, no oxygen) produces primarily H2, CO, CO2, CH4, bio-oil, and char (Premchand et al., 2023). However, pyrolysis requires less moisture, mid-temperatures, and lower pressures than hydrothermal liquefaction, which has lower temperatures but higher pressure and can handle huge amounts of water. Next, thermo-catalytic reformation and hydrothermal processing are thermal processes that convert organic waste into a variety of fuel-type product streams, including bio-oil (bio-crude), syngas, and H2 (Hornung et al., 2022). Biochar, also known as hydrochar, is formed throughout the process and can be employed as a soil conditioner/fertilizer and carbon sequestration mechanism (Varkolu et al., 2025). Biochar has been found to boost (CH4) generation in high-solid digesters by promoting microbial contact and raising fractional (CH4) content through CO2 adsorption (Ngo et al., 2024). As a soil conditioner, biochar can decrease P release and aid in N sequestration (Ramesh & Raghavan, 2014). Finally, researcher have explored into the use of biochar to remove metals, nutrients, and pollutants from digestate (Viotti et al., 2024).
Because water is involved in the reaction, hydrothermal processing deals with wet organic material and is classified into hydrothermal liquefaction (200°C-400°C) and hydrothermal carbonization (180°C-250°C) (Mathanker et al.,2021). Hydrothermal liquefaction generates bio-oil, syngas, and biochar, whereas hydrothermal carbonization mostly produces CO2 and hydrochar (Vuppaladadiyam et al., 2024). For any of these processes, the syngas can be burned directly or converted into fuels such as diesel. Bio-oil can also be used in heavy engines and converted into diesel, jet, and gasoline-like fuels (Caballero et al., 2022). 
Researchers have followed a variety of research objectives in the field of anaerobic liquid flood digestion. Arellano-Yasaca and Chu's 2025 review and systematic analysis shed light on nutrition recovery from food waste liquid digestate. The analysis discovered that research on FW liquid fraction management represented for 43% of the literature, followed by treatment approaches (26%), and physical-chemical characterisation (22%). China dominated in scientific production of FW liquid fractions, accounting for 46%, followed by Poland (10%) and the United States (8%). The liquid fraction of digestate (LFD) from anaerobic digestion of food waste has a high N content. To address the climate change effects of biological treatment of liquid digestate produced by anaerobic digestion of food waste. Varling et al. (2025) investigated various LFD therapies, including pretreatment with the partial nitritation Anammox (PNA) method. The study suggests that LFD treatment must be considered when analyzing anaerobic digestion when the LFD is discharged, and it also emphasizes the necessity to identify alternate means of managing the LFD. Yu et al., 2021 investigate the primary factors influencing the solid-liquid separation performance of digestates from food wastes. The correlation analysis shows a strong association between soluble protein and digestate dewaterability (R2 > 0.9573, p < 0.03), with lower soluble protein resulting in higher digestate dewaterability. Carot et al. (2020) present a combined glycerol and orange peel-based OPE as a substrate for fed-batch microbial biodiesel generation. These findings indicate that the constituents make ideal feedstock for the fed-batch production of R. toruloides lipids, and the approach provides an alternative biorefinery production. O'Connor et al., 2024 investigated how raw liquid anaerobic digestate can be converted into nutrient-dense solid digestates through acidification and evaporation. The findings indicate that acidification and evaporation of liquid digestate can effectively convert it into a desirable solid fertilizer with a high nutritional density. This approach provides a sustainable alternative to traditional fertilizers. Siddiqui et al. (2023) report on sustainable food production, food waste recycling via liquid fertilizer, and encouraging a circular economy with FoodLift. The method has the potential to replace CLF in hydroponic systems for lettuce and cucumber.  Alba-Reyes et al., 2023 report substitution of solid fodder by food waste liquid fodder as an alternative for pig feeding in a conventional Cuban farm. Thus AD as a waste management process and the valorization of the solid and liquid by-products offer several alternative options with diverse applications such as industry, fuels and live-stock feeds.

2.2.Composting
Organic food waste composting involves breaking down food waste into its simplest components using microorganisms in regulated aerobic conditions (Kucbel et al., 2019). Composting eventually enhances soil structure, texture, and aeration while also increasing soil water retention capacity (Kim Ho et al., 2022). Composting minimizes the volume of collected waste over time, producing a stable product with a high nutrient level as a result of the microbial transformation of raw organic materials. The simplest components would then be turned into humus, also known as compost fiber-rich carbon-containing humus high in inorganics like N and P (Ahmed et al., 2023). Stable compost contains more nutrients than raw organic materials and has the advantage of avoiding producing metabolite intermediates that can interfere with plant growth (Cui et al., 2025). Humus, rich compost, organic waste, and oxygen are all critical components of the composting process. Microorganisms play a vital part in the composting process by transforming organic material into stable material via several biochemical processes (Singh et al., 2021). Also, composting produces humic-rich fertilizers and soil additives. Composting consists of two stages: 1) characterisation by microbial activity and 2) conversion of organic waste.
During the first stage of composting, the microbiome raises the temperature by oxidizing organic material, degrading the bulk of the biodegradable material, and improving the stability of the organic residue (Salih et al., 2026). During this stage, easily degradable chemicals and O2 are absorbed, while pathogens, weeds, and phytotoxins are removed. During the degrading process, microorganisms chemically synthesize the bulk raw material to form precursors to humic substance. During this process, hemicellulose, cellulose, and lignin degrade to produce humic material, while degradable components are mineralized into CO2 and NH3 (Cui et al., 2025).
Continuous active composting replenishes O2 through mixing or aeration. Composting produces byproducts such as leachate, CO2, and heat (Chia et al., 2020). In the second stage, the remaining organic material in humic substances is humified to increase compost quality (Palanivell et al., 2013). However, breakdown proceeds until the organic matter is transformed into stable humic compounds (Ming et al., 2023). As microbial activity diminishes, so does the temperature. Overall, composting technology is one of the alternatives for sustainable solid waste management, as it reduces the amount of solid waste that ends up in landfills by allowing waste organic materials to be recycled to cultivate soil fertility. The composting process is divided into three major stages: the mesophilic phase, the thermophilic phase, and the cooling or maturation phase, during which diverse microflora, such as mesophilic and thermophilic bacteria, fungi, and actinomycetes, convert and stabilize the organic waste to humus (López-González et al., 2013).Figure-2 is a schematic representation of composting. Different microbial populations prevail during different composting stages. The duration of each stage is determined by the initial composition of organic material, moisture content, and the number and composition of the microbial population (Meng et al., 2019). Mesophiles execute the initial breakdown of organic materials because C sources are easily available at the start of the process (Li et al., 2023). The first mesophilic phase transitions into the thermophilic phase as a result of heat created by mesophilic bacteria through metabolic activity (Liu et al., 2025). At the thermophilic phase, heat-tolerant microorganisms will take over the mesophiles and become dominant (Zeldes et al., 2015). As increasing temperature increases the breakdown of chemicals, resulting in nutritional exhaustion, the temperature progressively drops and returns to the mesophilic phase before the compost matures (Finore et al., 2023). During the chilling period, the mesophiles return to the compost and continue to consume the residual organic materials (Chen et al., 2020). Table-1 is a summary of composting methods with its advantages and disadvantages.
a. Factors affect composting.
The C/N ratio during composting influences the pace of decomposition (Nguyen et al., 2020). Composting microbes generate energy from C and proteins from N. The lower the C/N ratio, greater is the loss of N during the composting process. Higher the C/N ratio, slower is the rate of breakdown, and N is also immobilized during the composting process (Azis et al., 2020). Organic liquid food waste has a modest C/N ratio, making it excellent for composting. Compost pH and moisture content are both critical for performance (Ahmad and Raza 2016). Composting causes elevation in soil pH due to soluble alkaline elements and the generation of NH3 from protein degradation (Rodríguez-Espinosa et al., 2023). Finally, moisture level is another variable that affects the pathogens but also inhibits the beneficial bacteria that serve as the beginning culture. The anaerobic situation causes an unpleasant stench when there is high moisture content. Kim et al. (2016) report that the moisture level of 50 to 60% is optimal for composting. Composting methods include vermicomposting, windrow composting, aerated static pile composting, and in-vessel composting. Detailed descriptions of the methods are described in several reviews(Lim et al., 2017; Hussain et al., 2022). Table 2 Summarizes key parameters for organic composting and their recommended range.
b.Microbial community
Composting is a natural process defined by microbial community successions in which essential microbiomes actively degrade degradable and putrescent organic waste under wet, self-heating, and aerobic circumstances (Nemet et al., 2021). During the composting process, active bacteria and fungi that characterize the composting environment's microbial community structure are present (Zhao et al., 2022). Their presence has an positive or negative impact on the composting process. The diversity also directs the composting mechanisms (Huhe et al. 2017). Physical characteristics such as O2, temperature, moisture content, and nutrient availability cummulatively influence the diversity and evolution of microbial populations during composting (Partanen et al., 2010). Physical factors are critical in understanding the activity of various groups of microbes, which will reflect the quality of the final composting product. Research indicates the existence of bacteria from many genera, including Anthrobacter, Bacillus, Enterobacter, Escherichia, Micrococcus, Nitrobacter, Proteus, Pseudomonas, Staphylococcus, Streptomyces, and others. Alternaria, Aspergillus, Cephaliophora, Cladosporium, Macrosporium, Moniliella, Penicillum, Phoma, Preussia, Rhizopus, Staphylotrichum, Trichoderma, Trichurus, and other fungal taxa have been identified (Neher et al., 2013; Yetgin et al., 2025).
c. Methods for microbial community detection
Determining the microbial community structure in compost is critical sincee changes in the structure can have a negative impact on compost quality and yield (Rath et al., 2022). The most commonly used fingerprinting methods include polymerase chain reaction(PCR), denaturing gradient gel electrophoresis (PCR-DGGE), terminal restriction fragment length polymorphism (T-RFLP), single strand-conformation polymorphism (SSCP), microarray analysis, and next-generation sequencing (NGS)-based 16S rRNA sequencing (Agrawal et al., 2015; Li et al., 2013). The detection of both culturable and non-culturable bacteria is possible through the use of molecular techniques such as DNA extraction, PCR amplification of nucleic acids retrieved from the environment, and high-throughput sequencing.
d. Benefits of composting
Composting increases soil structure and water retention, while the organic matter in compost helps protect plants from diseases and pests when used as a fertilizer. Chemical fertilizers should be used sparingly since they can pollute groundwater. As a result, composting food waste should provide an alternative to chemical fertilizers, eliminating the need for them (Kumar et al., 2024). Composting also promotes the growth of beneficial microbes, including fungus and bacteria (Kumaresan et al., 2024). By breaking down organic debris, these bacteria and fungus produce humus, a nutrient-rich substance. Furthermore, composting also provides N, potassium(K), and P to the soils. These nutrients help to buffer very acidic or alkaline soil in order to support the growth of crops and increase their yield. Composting also helps to retain nutrients and maintain the pH balance of the soil (Larney et al., 2006).
2.3.Fermentation 
Fermentation treats liquid food waste by converting organic matter into simpler compounds such as volatile fatty acids (VFAs) and lactic acid, resulting in a nutrient-rich liquid that can be used as an external C source (e.g., for denitrification) in wastewater treatment, lowering pollution and costs (Wang et al., 2020). Food waste from agricultural and industrial activities contains carbohydrates, proteins, lipids, and other nutrients that are ideal growth substrates for microbes (Siddiqui et al., 2023). Acidogenic fermentation (anaerobic, mesophilic) and Bokashi fermentation (anaerobic, with specialized microbes) are popular processes that convert waste into beneficial byproducts such as organic acids or microbial inoculants, hence improving nutrient removal in sewage systems (Kiruba et al., 2022). There are various preliminary aspects to consider while deciding between SmF and SSF such as the substrate property. SmF prefers liquid or easily liquefied waste, whereas SSF prefers solid agricultural residues. Next it is also based on product specifications. When consistent quality and ease of downstream processing are important, SmF is preferable (Marcelli et al., 2025). Whereas, SSF advantages are higher product concentration and lower water usage. Finally, the scale considerations are also relevant. SmF scales up more easily with established industrial infrastructure, whereas SSF may be more appropriate for smaller operations or particular products such as enzymes (Khatamie et al., 2026; Pandi et al., 2025).
a. Submerged fermentation,
Submerged fermentation (SmF) is the cultivation of microbes in liquid nutrient broths containing either dissolved or suspended substrates (Siddiqui et al., 2023). Microorganisms grow as suspensions in free-flowing liquid, with extra water available to support their metabolic activities. (Doriya et al. 2016). The SmF process begins with the selection of suitable bacteria and substrates. Molasses, fruit juices, and liquid food waste are all commonly used substrates. Microorganisms are introduced into sterilized nutritional solutions in bioreactors, allowing for precise control of essential parameters such as temperature, pH, aeration, and agitation (Sheikh et al., 2024). SmF functions in multiple modes. Batch fermentation entails adding all nutrients at once and harvesting the results at the end. Fed-batch fermentation provides nutrients on an occasional basis to maintain optimal growth conditions. Continuous fermentation entails supplying fresh nutrients on a regular basis while collecting products at the same time, allowing for continuous production rates (Sheikh et al., 2024). SmF is especially well-suited for large-scale industrial production because it provides greater control over fermentation settings and simpler product recovery than other technologies (Osimani et al., 2024). The key benefits include precise process control, repeatable outcomes, and simple downstream processing. However, some disadvantages of the method include the need for high water volumes, larger reactor sizes, and higher energy inputs for agitation and temperature control (Bamidele et al., 2025).
b. Solid-state fermentation
Solid-state fermentation (SSF) is a method in which microorganisms thrive on solid substrates with less free water (Mattedi et al., 2023). This process occurs in the absence or near absence of free water, yet the substrate retains sufficient moisture to sustain microbial growth and metabolism (Manan and Webb, 2017). SSF closely resembles the natural environments of many microorganisms, particularly fungus. Agricultural wastes such as wheat bran, rice husks, fruit peels, and vegetable waste provide nutrients and physical support for microbial growth (Moral-Vico et al., 2022). The moisture level normally varies from 40 to 80 percent, providing adequate water for metabolic functions while preventing free-flowing liquid (Yafetto et al., 2022). The procedure starts with substrate preparation, which may include grinding or treating to facilitate accessibility. Selected microorganisms are then added to the prepared substrate (Perwez and Sameer Al Asheh 2025). Fermentation takes place in specifically constructed bioreactors, such as tray systems, spinning drums, or packed-bed reactors, which allow air circulation while maintaining proper moisture levels (Gómez-Ramos et al., 2025). SSF has several distinct advantages for food waste valorisation, including using substantially less water than SmF, which reduces both operational costs and wastewater generation (Udo and Jürgen, 2005). Reduced water activity leads to lower contamination hazards, and many fungi thrive in solid-state conditions, yielding better enzyme yields (Verduzco-Oliva and Gutierrez-Uribe 2020).
c. Advantages of fermentation
Fermentation-based food waste utilization has numerous environmental benefits (Abbaspour 2024). The approach offers readily biodegradable C to bacteria in treatment facilities, greatly increasing N removal (denitrification) in low-COD/TN wastewaters (Zheng et al., 2022). It also improves N and P removal (>80% and >90%), as well as sludge settling (Abdoli, 2024). Fermentation substitutes costly commercial C sources, making treatment more affordable. Furthermore, it eliminates landfill waste and CH3 emissions, reduces the requirement for virgin raw materials in industrial processes, and creates renewable alternatives to petroleum-based products (Scharff et al., 2024). The procedure uses less energy than other chemical synthesis processes and produces little hazardous waste (Agrawal et al., 2023). Next, employing food waste as feedstock reduces production costs significantly when compared to standard substrates (Muhammad and Kurt, 2020). Industries can cut waste disposal costs while increasing revenue from valued items. 
Fermenting food waste produces lactic acid, ethanol, biohydrogen (H₂), and volatile fatty acids (VFAs). According to research data, microbial fermentation of organic waste yields higher lactic acid values. The primary problem in using such renewable materials for lactic acid production is the cost of pretreatment. Ethanol is a promising fermentation product of food waste with yields of 29.1 to 32.2 g/L (Tse et al., 2021).In addition to its use as a fuel, it is frequently utilized as a feedstock to manufacture various industrial products such as ethylene. However, due to the complex lignocellulosic character of food waste, pretreatment, including enzymatic and thermal treatments, as well as alkali and acid treatment, it is required to improve cellulose and starch digestibility (Saritha et al., 2012). Food waste can also be transformed to biohydrogen (H₂) using several biotechnological techniques (Seglah et al., 2013). Volatile fatty acids (VFAs) are one of the important intermediates created when organic waste is handled in the AD process (Lucitawes et al., 2020). They are formed during the AD's acidogenesis and acetogenesis stages. Being a potential renewable C source, VFAs have various applications, including biodiesel production, polymer synthesis, and N removal (Zhou et al., 2018). Other advantages include storage of VFAs, which is much safer and easier than biogas, and their higher economic values (Luo et al., 2022; Castro-Fernandez et al., 2024).

2.4.Air flotation and Filtration methods
Air flotation method is used to separate solid-liquid, liquid-liquid, and even solute. It also removes surface-active chemicals, emulsified oil, and other suspended solids, supporting physical free precipitation (Kyzas and Matis 2018). Also, it also raises the dissolved O2 content of the wastewater and causes the residues to float on the liquid surface, rendering slag discharge easier. Further, because the scum contains low O2, it is resistance to malfunction (Ali and Shuokr Qarani 2023). Filtration technology is widely used to handle liquid food and wastewater in the food industry (Shrivastava et al., 2022). The method involves steps such as microfiltration, ultrafiltration, reverse osmosis, and nanofiltration (Ezugbe and Rathilal et al., 2020). Microfiltration is a multipurpose membrane separation method based on hydrostatic pressure. The microfiltration membrane has low hydrodynamic resistance and may remove high concentrations of contaminants from water at low hydrostatic pressure (Al-Tamimi et al., 2024).Figure-3 illustrates methods of waste water treatment in food industry. Furthermore, it consumes little energy while in operation and has a wide range of uses. Because of its small surface, it provides a high level of selective permeability to the ultrafiltration system. This feature allows it to hold macromolecules in solution at varying flow rates and pressures when removing oils and sugars from wastewater (Dobosz et al., 2017). Reverse osmosis (RO) technology is a separation method based on the dissolution and diffusion hypothesis. The pressure difference causes the solvent to undergo reverse concentration gradient osmosis (Wenten and Khoiruddin 2016). RO technology is now utilized mostly to extract salt ions, amino acids, and other compounds from food waste (Deshwal et al., 2021). Limitations of the method include higher pollution levels in the water, blockage of membrane, and high osmotic pressure requirements (Ahmed et al. 2023). Table-4 is a summary of different food industry wastewaters composition. Figure-4 is a schematic representing of RO process.
In the food sector, RO is commonly used in conjunction with microfiltration, ultrafiltration, and other pretreatment processes to reduce pollutant content (Fatima et al., 2024). Nanofiltration is a membrane separation method based on reverse osmosis (Yang et al., 2019). Nanofiltration membranes have a higher selectivity than RO and a lower working pressure, which can cut operating costs to some extent (Xing et al., 2024). As a result, nanofiltration is an energy-efficient and ecologically beneficial membrane separation method (Cao et al., 2021). Currently, this approach is mostly employed in the food industry to remove polyphenolic chemicals from oil processing effluent and other agricultural goods (Cassano et al., 2018). Previous study has found evidence of successful use in a variety of applications. Santos et al. (2017) used microfiltration technology to treat tapioca starch processing wastewater and found the removal efficiency rates of 99% color, 91% cyanide, 75% total organic C, and 100% turbidity. In another study Ochando-Pulido and Martinez-Ferez (2018) used ultrafiltration/nanofiltration technology to treat olive oil processing wastewater.
2.5.Evaporation 
Evaporation is the process of vaporizing a liquid from a solution or slurry and applies to liquids, slurries, and sludges (Mattox, 2010). It is a liquid food waste treatment method that is highly effective albeit energy-intensive it lowers the volume of high-moisture organic effluents (e.g., landfill leachate, digestate, and processing wash water) by 95% to 99% (Mia and Zzaman 2025). After the liquid portion of the trash evaporates, the waste volume is significantly decreased. Only the remaining residue is classified as hazardous waste (Gawal and Subudhi, 2023). The primary purpose of this process is water separation via a multistage evaporation system with heat recovery. The evaporation concentration must be processed before disposal, typically by biological processes such as aerobic digestion and an activated sludge process (Sravan et al., 2024). Some disadvantages include a high energy demand, significant air emissions, and complex control operations that necessitate the use of expert workers. Due to the high operational costs associated, it is only appropriate for modest industrial-scale operations. Evaporators are classified into two types: batch and continuous. Batch evaporation is usually opted when an evaporator would run only infrequently (such as a waste stream evaporator-operate 8 hours a week) or when each batch needs to be uniquely identified to reduce the potential cost of a product recall (i.e., the pharmaceutical industry) (Deglaire et al., 2023). Continuous evaporators are used for long, commodity-like production runs, such as table salt and sugar (Kerr 2007).A flowchart of evaporation operation is described in figure-5.
Key types of evaporators employed currently are 1. Mechanical Vapor Recompression (MVR): Highly efficient for industrial waste, using a blower to compress vapor and reuse its latent heat. 2. Vacuum Evaporation: Reduces the boiling point, making it suitable for heat-sensitive waste, minimizing energy consumption, and preventing scaling. 3. Forced-Circulation Evaporators: Ideal for handling viscous liquid food waste or slurries to prevent boiling within the tubes. 4. Solar Evaporation: A passive, low-cost method suitable for hot climates, though less efficient than active systems. 5. Emerging Techniques:  Refractance Window (RW) evaporation are being explored to treat heat-sensitive products while retaining quality (Harriott 2000). 
A basic evaporation recovery system includes an evaporator, a feed pump, and a heat exchanger (Freese 2014). Evaporators concentrate aqueous waste streams by transforming the water component into vapor. The clean water vapor is subsequently discharged into the atmosphere, leaving only a trace of pumpable residue for proper disposal (Vane et al., 2022). The evaporation method effectively eliminates up to 95 to 99% of the original waste, as well as the associated costs and liabilities. Evaporation applications include vaporization, concentration, and crystallization (Ohashi 2020). Vaporization—in vaporization, the goal is to produce a vapor from a pure or impure liquid, and the principal product is the vapor itself or its condensate (Li et al., 2021). Extra heat applied to a liquid at its boiling point under constant pressure which is sufficient energy to overcome the intermolecular interactions that hold the liquid's molecules together. They also escape as individual vapor molecules until the vaporization process is completed (Liu et al., 2021). Concentration—a concentrate is created from a dilute solution. Furthermore, high concentration is achieved by boiling off a solvent, often water, from the liquid. In most cases, the concentrate produced by the evaporation process is the ultimate product, which can be used for heating in another stage of the process (Setiyadi 2022). Crystallization—Crystallization is one of the basic operations of thermal process technology with the objective to produce a solid phase. The crystalline phase is generated from a solution or by means of evaporation, vacuum cooling, or cooling crystallization, depending on the particular requirements (Chabanon et al., 2016). Further, the solid phase is separated in centrifuges, decanters, or by filtration.
2.6. Other methods of treatment-Photocatalytic technology and biofilm treatment
Photocatalytic technology is an oxidation method that employs ultraviolet or visible light as the light source (Chakravorty and Roy, 2024). The process is used to decolorize food sector wastewater. Haji Alhaji et al. (2016) evaluated the treatment effect of photocatalytic technology on palm oil processing wastewater and report that the dosage of catalyst WO₃ at 0.5 g/L and time (1 h) increased the decolorization rate to 96.21%. Satori et al. (2014) employed zinc oxide as a catalyst to investigate the treatment effect of photocatalytic technology on coffee processing wastewater, and under certain conditions, the decolorization rate of wastewater can reach 80% after treatment. The biofilm approach forms a stable biofilm system by cultivating microorganisms on the surface of the reactor's filler (Zulkifli et al., 2022). After the system has stabilized, the wastewater is entirely connected with the biofilm, and contaminants are successfully eliminated by microorganisms (Wang et al., 2023). The most common biofilm treatment methods are biological contact oxidation, internal circulation biological fluidized bed, and biofilm reactor. Abdulgader et al. (2009) used flexible fibers as filler materials, and developed a new form of sequencing batch biofilm reactor, and investigated its efficacy on dairy processing effluent. The results show that the optimal start-up condition of the reactor is HRT (24 h), the COD organic loading rate is 8.2 kg/m³, and the COD and SS were reduced by 97.5% and 99.3%, respectively.
3.0. Food Waste Upcycling-Liquid food Waste valorization
Valorization is the practice of reusing or recycling waste materials to produce valuable products. In the distillery sector, the principal waste output is vinasse, a viscous and corrosive liquid. Valorization of vinasse for biofuel generation is carried out by oleaginous yeasts-Pichia kudriavzevii and Yarrowia lipolytica (Simonaviciene et al., 2025). Zhao et al. (2025) report on protein production using a hierarchical valorization system with the use of acidogenic fermentation-residue saccharification-photosynthetic bacteria (PSB). The liquid phase treatment removed 95% (2025), 89.7%, and 66.6% of lactic acid, COD, and ammonium-nitrogen (NH4+-N), respectively. Further, the PSB biomass and protein concentrations were 1356.5 and 415.1 mg/g. In vitro digestibility was 77.28% (NH₄⁺-N), and heavy metal level was 85%-97% which is below food safety guidelines, indicating the protein's safety. In the domain of slaughter house waste Bioprocessing of Vitreous humor has cleared the path for sustainable tissue engineering technologies that are consistent with circular economy concepts. Corridon et al., (2025) report the manufacture of sustainable hydrogels for use in regenerative medicine. Parakh and Tong describe the possibility of converting food waste-derived digestate (FWD) into single-cell protein using mixotrophic growth of Chlorella sorokiniana UTEX 1230. To maintain ammonium-nitrogen (NH4+-N) levels, the production was diluted to 10% and treated with macro- and micronutrients and trace elements to promote microalgae development. The greater biomass, improved NH4+-N clearance rates, and protein content (40%). The old method of salting fish is still commonly practiced, resulting in liquid brine with high salt concentration (about 25-30% wt. NaCl). Sarinho et al. (2025) describe an optimized electro-Fenton (EF) technique with potential applications in the tannery industry. The results suggest an increase in shrinkage temperature from 103 °C to 112°C broadening its potential applications in leather industry (2025). Furthermore, the chromium oxide concentration rose from 4.1 percent to 5.3% percent representing a possibility for industrial synergy between the codfish and the tanning sector. Bioconversion of liquid, valorization, and Solid Lipids is reported dby several researchers. Wierzchowska et al. (2025) report on waste liquid solid and lipid waste containing various hydrophobic wastes from the meat food industry. The study utilized Yarrowia lipolytica. yeast solid lipid waste to synthesize extracellular lipase and microbial lipids. Post-frying rapeseed oil from chicken frying and solid lipid fraction from meat broths were chosen as Cand lipid sources to boost biomass growth and lipolytic activity, respectively.
In the dairy food industry whey is a abundant by-product that is partially reused in animal feed or as other food additives. Germán-Ayuso et al. (2025) report the production of the high-value product 2,3-butanediol (2,3-BDO) via fermentation utilizing the bacterial strain Lactococcus lactis 43103. The combination of 100% bio-based polyether polyols with partially renewable L-lysine ethyl ester disocyanate, the high-valued disocyanate, and whey-derived 2,3-BDO as a chain extender resulted in completely stable, low-particle-size aqueous dispersions of amorphous polymers. These have a similar structure and molecular weight to alternative petroleum-based PUDs, paving the way for renewable component PUDs and bio-based PUDs. The implications of the study are its potential sustainable application as resinous systems for formulation of applications in water-based coatings or adhesives. The dairy industry produces the biggest volume of liquid. Dairy liquid waste is generated during numerous production processes. Waste is often high in dissolved organic matter, nutrients, and anaerobic processes and a costly waste stream to manage. Using a metabolically engineered strain of the model cyanobacterium Synechococcus elongatus PCC 7942 production of 2-phenylethanol (2-PE) 7942 compound a high-value aromatic chemical commonly used a fragrance in the food and cosmetics industry is reported by Usai et al., 2024. Singh et al. reported on the growing of marine diatom algae in simulated dairy wastewater and biomass valorisation. The study focuses on the organic C acquisition capacity of marine diatoms in the context of providing sustainable biorefinery. Several health promoting products have also been developed over the years using food waste. Harfoush et al. (2024) report polyphenol extraction and antioxidant and antibacterial activities of wasted black and green tea as possible health enhancers. Cao et al. (2024) propose a sustainable technique for extracting β-glucan from leftover brewer's yeast, with anti-inflammatory characteristics. These studies indicate the contribution of valorization towards environmental sustainability and providing economic benefits, as well as the development of functional foods. Because of its considerable use of water and energy, the aquaculture industry falls within the scope of the food-water-energy nexus. Nagarajan et al., 2024 review the topic of microalgal technology as a comprehensive sustainable solution in aquaculture. Suggesting integration of microalgal technology in aquaculture food waste treatment can produce value-added products. Further, in the fruit beverages industry several value-added products have been successful developed. Cardullo et al. (2024) describe a green microwave-assisted extraction process applied to lemon squeezing waste (LSW) that is tuned to retrieve pancreatic lipase (PL) inhibitors. The results implicate the PL as potential inhibitors in obesity and as safer elements for the manufacture of food supplements for obesity management. 
Water consumption is higher in food industry used in several stages of production. Also, several food products and by-products are discharged along with water. Starch-rich wastewater is a substantial waste that can be used as a medium for various microorganisms in bioproduct manufacturing (Noguchi et al., 2021). Marine microorganisms capable of successfully valorizing starch-rich effluent have great promise for long-term biotechnological uses. A number of fungi, including Aspergillus spp., Rhizopus spp., Trichoderma spp., and Trichoderma spp., exhibited the potential to convert effluents into bioproducts such as organic acids, biopesticides, biofuels, microbial and lipids (Patilet al., 2026). Similarly, the confectionery industry contributes considerably to the creation of wastewater with high amounts of organic components such as proteins, lipids, enzymes, and sugars, resulting in an increased Biological oxygen demand(BOD) and COD values (Patsialou et al., 2024). Beneficial bacteria enable bioprocessing of confectionery waste into value-added products. Bajić et al. (2017) reported xanthan synthesis in five distinct wastewaters from the confectionery sector. In another study Dujković et al. (2024) report the use of Bacillus sp. produce biocontrol agents. Liquid packaging board (LPB) is an essential component of storing and delivering liquid foods. However, LPB pose a challenge for waste management. Khan et al. examine the C impact of several approaches for recovering refuse from liquid packaging board wastes. Almost all uncertainty analyses revealed that the chemical recycling procedure had the lowest environmental impact. Different methods are employed to make alternative use of liquid food waste since certain byproducts are high in bioactive components such as polyphenols, flavonoids, caffeine, carotenoids, creatine, and polysaccharides, all of which are beneficial to  human health. Fermentation is an effective fortifying method for transforming different sorts of waste. Kumar et al. (2018) review the various sources, composition, and nutritive values of wastes and their management and augmentation of value-added products through fermentation. Table-5 is a summary of high-value product obtained from the various food-wastes.

4.0. Current developments in Liquid Food Waste Management
Biomolecule recovery from food waste is an active research area (Baiano 2014). The valorisation is accomplished by extracting high-value components such as proteins, polysaccharides, fibers, flavor compounds, and phytochemicals. Extraction methods include solid-liquid extraction, Soxhlet extraction, ultrasonic or microwave assisted extraction, and enzyme-assisted extraction (Donn et al., 2022). The recovered biomolecules and byproducts are utilized to make functional foods, as adjuvants in food processing, and as medical and pharmaceutical ingredients. Research insights in this domain include the scaled-up bioconversion of fish waste to liquid fertilizer utilizing a ribbon-type reactor with higher degradation rate than the flask-scale procedure(Dao and Kim 2011). Furthermore, the addition of 1% lactate to the biodegraded broth at room temperature prevented putrefaction for 6 months. The removal of hazardous metals from wastewater is a major component of water pollution, which is one of the most pressing global environmental issues (Vidu et al., 2020). Activated C is one of the most extensively utilized adsorbents in the treatment. Foood waste has qualities comparable to adsorbents, which allow it to adsorb heavy metals. Cimino et al. (2005) report the sorption properties of activated carbon derived from olive cake and commercial activated carbons to remove aquatic contaminants such as heavy metal, phenol, salt detergent, and methylene blue dye. In the field of liquid food treatment, newer methods with specialized applications are being investigated. Egbuikwem et al., 2020 reported that ozonation of Upflow Anaerobic Sludge Blanket (UASB) reactor reducing total COD of the effluent. Fruit juice industry waste is better suited for combustion. Fluidized bed combustion (BFBC) is a versatile method that can burn almost any waste combination with reduced emissions (Rao and Reddy, 2008). The advantages of the method include their small and simple construction, combustion of a wide range of fuels, consistent temperature, and minimum emissions (SO2 and NO2) (Kakaras et al., 2012). Supercritical fluid extraction and subcritical water extraction are utilized to separate natural products from various raw materials (Dias et al., 2021). When a fluid is forced to a pressure and temperature above its critical point it becomes a supercritical fluid. Due to their low viscosity and relatively high diffusivity, supercritical fluids have better transport properties than liquids, and can diffuse easily through solid materials with faster extraction yields property(da Silva Júnior, et al., 2017). Numerous vegetable matrices have been used as natural sources for compressed fluid extraction of fruit beverages (Jose et al., 2017), and employed to obtain natural antioxidant compounds. Subcritical water extraction (SWE) is a extraction method which uses hot water under pressure. It has recently emerged as a useful tool to replace the traditional extraction methods (Bind et al., 2022). 

5.0.Discussion and Conclusion
Meat goods, fruit and vegetable products, dairy products, and other items make up the vast and varied global food sector. The operations of soaking raw materials, cooling products, and cleaning produce a significant volume of organic waste water throughout the food preparation process (Pervez et al. 2021). Because they contain significant amounts of carbohydrates, proteins, lipids, and mineral salts, waste products from food production and food service establishments can pose challenging treatment issues. The presence of organic content, which serves as a food supply for microbial development, is the main problem with these wastes (Cerda, et al., 2018). Microorganisms grow quickly when there is an abundance of food, which lowers the amount of dissolved oxygen in the water. It has been noted over the years that achieving the objective of zero polluting discharge of wastewater is challenging owing to several reasons (Tong et al., 2016).Water is a crucial component in processing because it helps clean the product and acts as a cleaning medium to transfer undesirable materials to the sewage system. Large amounts of organic residues are present in the waste water generated in food manufacturing facilities (Galanakis, 2012). A septic situation with unpleasant odors and darkened water results when dissolved oxygen is totally removed from water due to a high organic water concentration. Also, Hydrogen sulfides can be produced by septic conditions with sulfur-containing proteins or water with high natural sulfate content. Therefore, future research should concentrate on optimizing the food industry's wastewater treatment technology and increasing the recycling rate of wastewater resources while attaining energy savings and high efficiency. In order to achieve this, focus on recycling, combinatorial technique discovery, and method optimization will enable meeting the final goal.
The comparatively low level of food waste digestion activities in comparison to sewage and manure is partly responsible for the lack of knowledge and demonstration (Lee et al., 2024). Operators will need to test different technologies to ascertain their usefulness and economics empirically as food waste increases as a percentage of AD feedstocks in both stand-alone and co-digestion facilities. Globally, there is a growing demand for organic products, which is the main factor driving the food business (Baş et al., 2024). Growing knowledge of the drawbacks of artificial pesticides and fertilizers is another trend. Compost materials are becoming more popular as natural fertilizers. Food waste compost offers the best plant growth for the agriculture industry because of its high moisture content (Waqas et al., 2023).It is also a multipurpose soil enhancer because it may recycle nutrients back into the soil and minimize yard waste. The global market for compost is expanding at an annual rate. In conclusion, the composting method is appropriate for preventing waste and is consistent with the circular economy and fits into the notion of transforming waste and generating resources. 
It is anticipated that the market converting food waste to biofuel will be a significant engine of economic expansion in the future(Bakari, et al., 2024). Employment will be made possible by the availability of a variety of biomass, its collection, and its transformation into goods with additional value. Furthermore, by lowering reliance on petroleum fuel, increasing biofuel production would lower the price of conventional fuels.
Additionally, bioethanol and biodiesel made from food waste and other renewable resources could take the place of gasoline and diesel as a transportation fuel, supporting the green economy (Mahmud et al., 2022). High digester building costs, process condition control, and low-quality final products are the main obstacles in the field of value-added goods when it comes to turning food waste into fermentation products (Pant, et al., 2026). Food processing facilities could be integrated into a biorefinery design to generate heat and power to sustain the biorefinery while also producing cost-effective value-added products from food waste. These strategies would improve economics and have less of an impact on the environment. In order to promote sustainability, it is now a global task to reduce and manage waste and consume food responsibly (Shen et al., 2023). Thus food waste treatments and by-products from its diverse subsections like diary, meat and aquaculture processing fruit and beverages can facilitate several products necessary to the society. Since these are produced and processed through greener methods they are sustainable and zero polluting.
At both the national and international levels, cooperation is required to address the issues and develop workable solutions to achieve the objectives of food waste mangement. The groundwork will be laid by strategies and regulations that promote efficient food resource management and waste repurposing and upcycling. Food waste can be reduced by systematically managing it through appropriate inventory and thoughtful consumption by public. Policies, NGOs, local organizations, and the food business must work cohesively. Another prerequisite is research and development aimed at enhancing various stages of food industry especially the food waste treatment. Scaling of existing process, coupling feasible methods and improvements in technology are required. Furthermore, a mandatory component of food waste management should be waste upcycling, which encourages a circular bioeconomy and permits food waste to be repurposed by turning food waste biomass into a product or ingredients that add value. Finally few workable solutions at the community level are food donation, animal feed, composting, and thermal or biological conversion. In conclusion, in order to attain sustainability, general guidelines that apply to food processing facilities should include-
1. Use raw materials of good quality
2. Minimize wastage during handling, preparation and processing of raw materials and packaging 
3. Use appropriate technology and process equipment to minimize energy consumption
4. Minimize the wastage of water by reasonable care  without sacrificing quality; 
5. Use of recyclable or biodegradable packaging material and 
6. Use of appropriate technology to process the non-recyclable wastes preferably into usable inputs, products or energy. 
The growing number of publications, numerous studies conducted worldwide, and the involvement of private companies in this field of food waste management are significant in the last decade. Utilizing novel techniques like genetic engineering, metagenomics, and high-throughput sequencing will improve output at multiple levels (Ercolini et al., 2013). In particular, they will make microbial-mediated treatments easier by altering genomes to fit a variety of substrates and improving enzymes or metabolites. It will be easier to optimize the development of high-quality products that meet international standards if the diversity of microorganisms is understood. Because NGS can sequence both culturable and non-culturable strains, it can be used to determine the microbial community structure during a treatment technique (Tan et al., 2015).
Finally, judicious use of food at source in the society at several levels in the food chain, home, hotels, university will contribute immensely to reducing food waste. Ultimately, the integration of sustainable waste management strategies offers a viable path toward greener, more resource-efficient industrial practices. In conclusion, the collective efforts of public, private and several allied food chain sectors along with policies and awareness will ensure reduction and management of global food waste.
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Table 1. Advantages and disadvantages of composting(Palaniveloo,et al., Processes, 8(6), 723)
	Benefits
	Drawbacks

	Reducition and reuse of organic waste
	Time and money required initially to start up

	Conservation of space and extending life of the landfill
	Storeage and transport is expensive 

	Improves nutrient property of soil
	Need for land for compost site

	provide economic profit
	Odour emission

	Reduces odor
	Weather influences 

	Improves waste and manure  management
	Marketing 

	Reduces cost 
	Inconsistent and lower nutrient value compare to chemical fertilizer

	Reduces risk of pollution, methane emission and soil erosion
	Slow-release of nutrient 

	Remediate hazardous waste
	

	Suppress pathogen and soil -borne diseases
	

	Serves as excellent bedding substitute
	 







	


	
	Factors Affecting the Organic Waste Compost

	Parameter
	Acceptable Range
	Preferred Range

	Carbon to nitrogen (C:N) ratio
	20:1 or 40:1
	25:1 or 30:1

	Moisture Content
	40 to 65%
	50 to 60%

	Oxygen concentrations
	>5%
	>5%

	Particle size (Diameter in inches)
	1/8 to 1/2
	Varies

	pH value
	5.5 to 9.0
	6.5 to 8.0

	Temperature (0C)
	43 to 65
	54 to 60


Table 2. Key parameters for organic composting and their recommended range.( (Palaniveloo,et al., Processes, 8(6), 723)


Table -3 Percentage composition of Food Waste
	

	Study
	MC
	OM
	Starch
	Sugars
	Lipid
	Cellulose
	Protein

	Ohkouchi and Inoue, 2006
	75.9
	-
	29.3
	42.3
	-
	-
	3.9

	Tang et al, 2008
	80.3
	95.4
	-
	59.8
	15.7
	1.6
	21.8

	Wang et al., 2008
	75.5
	-
	46.1
	50.2
	18.1
	-
	15.6

	He et al, 2012
	81.7
	87.5
	-
	35.5
	24.1
	3.9
	14.4

	Vavouraki et al., 2013
	81.5
	94.1
	24
	55
	14
	16.9
	16.9




Table 4. Characteristics of different food industry wastewaters. (Nahid Pervez et al., 2021)

	

	Food Industry Wastewaters Parameters
	Starch
	Winery
	Confectionery
	Fruit & Vegetable
	Dairy
	Meat

	Main organic load
	Starch, glucose, dextrins
	Sugars (glucose, fructose), ethanol, polyphenols
	Sugars (sucrose, glucose), fats, proteins
	Fibers, phenolic compounds, acids, minerals
	Proteins, lactose, lipids, detergents
	Proteins, fats, minerals

	COD (g/L)
	8.1–37
	0.32–12.7
	2.5–20.02
	0.8–7.7
	0.43–95
	1.6–15

	BOD₅ (g/L)
	0.005–5.4
	0.125–130
	3.132–8
	0.5–6.1
	0.35–48
	0.6–8

	Total solids (g/L)
	0.26–42
	1.602–79.635
	11.1–44.6
	0.2–0.4
	0.2–5.8
	0.25–6.4

	Suspended solids (g/L)
	0.007–6.4
	0.06–30.300
	0.47–1.31
	-
	0.8–4.4
	0.22–9.3

	Total nitrogen (g/L)
	0.02–0.87
	0–0.415
	0.171–0.225
	0.8–1.2
	0.01–1.12
	0.6–2.7

	Total phosphorus (g/L)
	0.014–0.160
	0.003–0.188
	0.01–0.028
	0.045–0.5
	0.05–0.55
	0.15–0.32

	Volatile solids (g/L)
	0.45–6.685
	0.13–54.952
	0.0273–0.0301
	-
	-
	-

	Starch (g/L)
	19.47–31.2
	-
	-
	-
	-
	-

	Total sugars (g/L)
	-
	8.1–13.2
	7.4
	-
	-
	-

	pH (1)
	4–10
	3.93–12.9
	3.9–9.5
	4.6–7.9
	6.8–9.4
	6.5–9

	References
	


Table-5-High-value products obtained from various food wastes
	High-Value Product
	Wastewater source
	Carbon Source
	Usage
	Microorganism 
	References

	Biodiesel
	Potato processing wastewater
	Starch
	Fuel
	Aspergillus oryzae
	· Tchonkouang et al., 2023


	Biomass / protein
	Potato chips industry wastewater
	Starch
	Feed supplement
	A. niger ITCC 2012; A. foetidus MTCC 508
	

	Biodiesel / fatty acid
	Deproteinated potato wastewater (DPW)
	Starch
	Fuel
	Rhodotorula glutinis var. rubescens LOCKR13
	

	Biodiesel / lipids
	Corn starch wastewater
	Starch
	Fuel
	R. glutinis
	

	Lipid / carotenoid
	Potato wastewater
	Starch
	Food, pharmaceuticals, cosmetics
	R. gracilis ATCC 10788
	

	Palmitic, oleic, linoleic & α-linolenic acids
	DPW medium enriched with glucose
	Starch, glucose
	Acids
	Trichosporon domesticum PCM 2960
	

	Biofungicides
	Potato processing wastewater
	Starch
	Plant protection
	Trichoderma harzianum K179
	

	Biomass / protein
	Winery wastewater
	Glucose, fructose
	Feed supplement
	A. oryzae WEBL0401; A. niger WEBL0901; T. viride WEBL0702
	

	Biodiesel
	Winery wastewater
	Glucose, fructose
	Fuel
	Co-cultures: Arthrospira platensis, Chlorella vulgaris
	

	Biomass / protein
	Winery wastewater
	Glucose, fructose
	Feed supplement
	A. platensis, C. vulgaris
	

	Hydrogen
	Winery wastewater
	Glucose, fructose
	Energy source
	Klebsiella pneumoniae MF101; Rhodopseudomonas sp. BROY6
	

	Xanthan
	Winery wastewater
	Glucose, fructose
	Biopolymer
	Xanthomonas campestris
	

	Kombucha beverage
	Winery wastewater
	Glucose, fructose
	Fermented beverage
	Mixed microbial consortium
	

	Xanthan
	Confectionery industry wastewater
	Sucrose, glucose, fructose
	Biopolymer
	Xanthomonas campestris
	








[image: ]
Figure-1 is a schematic representation of composting.
[image: ]
Figure-2 illustrates methods of waste water treatment in food industry.

[image: ] Figure-3 Describes the scheme of operation Anaerobic digestion.
[image: ]
Figure-4.Schematic representing of RO process of liquid food waste treatment.

[image: ]
Figure-5. Describes a flowchart of evaporation operation
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Fig. 1 The main treatment technology of food industry wastewater
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Figure 1. Schematic Diagram of the RO process
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