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Abstract
This article lays its primary focus on understanding waste from the domestic and commercial hotel 
kitchens. For researchers, deciding biotechnological treatment and valorization process, it is necessary 
to refer and understand the food waste (FW) composition and its processing trends worldwide. This 
paper mentions the FW compositional data from four different locations of “Pune” a metro city of 
India. Study-approved procedures for sample collection, preparation, and analysis were followed. The 
results indicate, the presence of carbohydrates, proteins, and fats in all samples and are sufficient to 
support the microbial growth and desired product formation. Being perishable, microbiological and 
compositional changes during handling and transportation, in FW are inevitable. The presence of high 
boiling, low boiling volatile compounds and volatile organic acids indicate the complexity of FW and 
microbial activity taking place within it. Abundant amount of trace elements essential for enzymatic 
reactions and building block molecule formation are present. Average important figures to mention, 
starch- 7.27% w/w, free sugars- 3.39% w/w, proteins- 7.99% w/w and fats- 12.84% w/w. In addition, 
essential trace elements Zn- 4 mg/lit, Mn- 4 mg/lit, Mg- 239 mg/lit, S-433 mg/lit and P- 922 mg/lit. 
The numbers help to realize the nutritional richness of the FW in reality and provide fundamental 
statistical data for researchers. Treatment and recycling can be done to contribute toward a circular 
bio-economy. Remarkable variations observed in almost all components on day-to-day basis. However, 
pretreatment process parameters can be decided to account for compositional variations.

Keywords: Sustainability, Composition, Nutrition, Recycle, Sampling, Bioeconomy

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-2386-0930
https://orcid.org/0009-0001-1992-3978
https://orcid.org/0000-0001-6559-7264
https://orcid.org/0000-0001-5131-4171
https://orcid.org/0000-0003-3407-2611


  www.microbiologyjournal.org2096Journal of Pure and Applied Microbiology

Soni et al | J Pure Appl Microbiol. 2024;18(3):2095-2112. https://doi.org/10.22207/JPAM.18.3.59

INTRODUCTION

 A UN report released in March 2021 
summarized that an estimated 931 million metric 
tons (MT) of food were wasted in 2019 globally.1 
On September 2, 2015, the 193 Member States 
of the United Nations adopted the 17 Sustainable 
Development Goals (SDGs) of the 2030 Agenda 
for Sustainable Development. According to the 
Agenda, global objectives are expected to guide 
the actions of the international community over 
the next 15 years (2016-2030). The agenda has 
been defined as-“Target 12.3” which aims to halve 
per capita global FW, at the retail and consumer 
levels by 2030 and reduce food losses along 
production and supply chains, including post-
harvest losses.2

 On one hand, while efforts to address 
hunger, ensure food for all, and optimize food 
production are underway, the question remains, 
whether the food that’s binned should be left to 
decompose or can its nutritional value be utilized 
productively? Biotechnologists advocate for the 
valorization of FW, turning it into a valuable source 
of naturally derived raw materials for various 
industries.
 From agricultural production to post-
harvest storage, processing, distribution, and final 
consumption, it’s evident that the highest losses 
occur at the consumption level ultimately resulting 
in FW.3 It’s important to inform world communities 
about the need to minimize food losses is a 
priority, but it’s also important to study, how to 
convert waste into useful resources. This research 
work is an endeavor to review the potential of 
recycling FW and focuses on its compositional 
fitness as a nutrient medium for microbial growth.4

 FW refers to domestic, kitchen, industrial, 
and commercial mixed food residues that are 
intended for human consumption. Conversely, 
“organic waste” encompasses the waste not 
suitable for human consumption such as peels 
and rapeseed meals. FW essentially comprises 
all cooked and uncooked food including rotten 
fruits and vegetables, fish and poultry organs, 
soup pulp, eggshells, cheese, ice cream, yogurts, 
tea leaves, tea bags, coffee grounds, bread, cakes, 
biscuits, desserts, jam, cereals of all types (e.g. 
rice, noodles, oats), plate scrapings and leftover 
cooked food and various pet foods.5 Unfortunately, 

FW is often considered a resource of zero value 
worldwide and is discarded without much ado. 
On an interesting note, it has been observed that, 
chemically, FW contains lipids, carbohydrates, 
amino acids, phosphates, vitamins, minerals, and 
other carbon-containing macromolecules.6

 The utilization of FW as raw material 
presents logical challenges, with collection being 
the primary hurdle. Both, the collection of FW 
from multiple places and treating it post-collection 
pose difficulties. Moisture and soluble sugars in 
FW make it susceptible to rapid degradation by 
microorganisms. Additionally, the heterogeneity 
of FW is greatly influenced by the source from 
which the waste is derived. Moreover, nutritional 
habits and the season of the collection can also 
impact FW composition. Generally, cereals, fruits, 
and vegetables constitute a significant portion 
of the FW worldwide.7 Consequently, sampling 
procedures were derived to address those 
challenges and arrive at the most reliable results. 
 Worldwide, Municipal solid waste 
(MSW), comprises degradable, non-degradable, 
and inert waste, with management typically 
overseen by local governments and waste 
management systems. Procedures and methods 
of segregation in waste management are generally 
similar across regions.8-12 Conventional practices 
involve collection, and segregation of waste into 
subcategories like bio-degradable, inert, recyclable 
material and medical waste. Bio-degradable 
waste primarily consisting of FW/kitchen waste, 
is often treated through methods like bio-
methanation or composting.13 On the other hand, 
non-biodegradable waste is commonly recycled, 
incinerated, or disposed of in landfills in most 
countries.
 Global trends in solid waste management 
indicate that approximately 2.01 billion MT of 
waste are generated in total and out of this, 
organic or biodegradable waste accounts for 
44%, recyclable waste for 37%, and inert waste 
for around 14%.14 As seen in Pune, another 
exemplary model of waste management can be 
found in Kerala, a state situated in the southern 
part of India. Kerala stands out among other Indian 
states in terms of human and social development. 
However, including Kerala, all over the world, MSW 
management remains challenging.7
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 The common practice of disposal of 
FW in the European Union is landfill or its usage 
as animal feed and soil conditioner. Analysis 
reveals that 129 million metric tons (MT) of 
FW were generated in the European Union in 
2011. representing 20% of the food produced. 
Vegetables, fruit, and cereals are the food 
groups that contribute the largest amount of FW. 
Interestingly, most of FW is generated during the 
consumption stage (46%), almost equaling the 
amounts generated during primary production 
(25%) and processing and manufacturing stages 
(24%) combined.14 Distribution and Retailing 
contribute only small fraction of the FW generated 
in the food supply chain. This highlights significant 
FW problem worldwide, emphasizing the urgent 
need of optimal FW management programs 
that can repurpose the nutritional benefits for 
better purposes. To determine the fate of FW, it’s 
essential to understand nutritionally important 
parameters both qualitatively and quantitatively.15

FW worldwide
Valorization initiatives worldwide
 To address the challenges of limited 
feedstock, there is global effort to explore the 
biological conversion in to value-added products. 
FW is easily available in houses, restaurants and 
food industries worldwide. At the industrial scale, 
FW streams are present in large, concentrated, 
and homogeneous quantities, making them 
highly suitable for valorization. The technological, 
economic feasibility and environmental impact 
of these potential products are being assessed 
to select the most appropriate processes and 
products. Scientists are committed to ensure 
sustainability and safety throughout the value 
chain following optimal valorization techniques.16 
Efforts are ongoing globally to utilize FW for 
the production of bio-chemicals, bioenergy and 
products like Bio CNG.
 The demand for renewable resources 
for energy production has increased globally as 
most fossil fuels continue to be consumed at 
a high rate.13 Lipids extracted from FW can be 
transformed into biodiesel. Providing a greener 
alternative to conventional fuels.17,18 Furthermore, 
complex carbohydrates like cellulose and starch 
found in FW can be hydrolyzed into simpler sugars 
such as glucose.19 These sugars are fermentable, 

offering opportunities to create value-added 
products. This utilization is viable because studies 
have shown that FW not only possesses significant 
nutritional value but also hold potential as an 
industrial raw material.20 This underscores the 
importance of FW as both an environmental 
asset and a sustainable resource for industrial 
applications.
 For decades, the utility of FW from 
multiple angles has been explored. The citrus 
processing industry uses byproduct residue to 
extract pectin, essential oils, and enzymes.21 
Similarly, in the food processing industry, waste is 
used for separating high value plant and animal-
derived products.22 The identification, isolation, 
and characterization of bioactive molecules 
derived from olive mill waste (OMW) have proven 
useful as plant growth stimulator and defend 
against pathogens.23 The utilization of FW as 
feedstock for producing microbial fuel cell that 
produces electricity has been demonstrated.24 
FW is nutrient rich and can be converted into 
solid feed for solid state fermentation, where it is 
used to produce the enzyme glucoamylase.25 The 
process of biomethanation to produce biogas, a 
gaseous fuel, has been practiced globally for a long 
time and is now taking shape with technological 
advancements. These improvements aim to 
achieve higher biogas yields and facilitate further 
conversion to compressed biogas which can power 
turbines to generate electricity.16,26-32 Eventually, 
the focus is also on enhancing commercial 
attractiveness through improved technology and 
engineering.33-36

 In addition to sugary, starchy, and 
cellulosic feedstock, utilizing FW to produce 
ethanol presents another viable option due 
to its global abundance.17,37-39 Although FW 
composting is an age-old process requiring minimal 
technological expertise, recent explorations aim to 
enhance its efficiencies.40,41 Fermentative products 
are critical as biochemical intermediates, such 
as lactic acid, succinic acid, 2,3 butanediol, and 
bioplasticisers.19,37,42-46 Other important notable 
fermentation products include polymers like poly 
lactate, and poly hydroxyl butyrate.47

 Non-biological processes resembling 
thermochemical treatments, such as the 
pyrolysis of FW, are employed to produce bio 
oil and biochar.18 Waste bread with appropriate 
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pretreatment and fortifying it with essential 
micronutrients can serve as a nutrient medium for 
preparing starter culture in the food industry.48

 To assess the potential of FW for 
conversion into any of these value-added products, 
the first step is to understand its chemical 
composition. This knowledge determines its faith 
and suitability for biotechnological valorization.

Solid waste characterization practices worldwide
 Characterization of waste material 
composition typically consists of three phases. 
The first phase encompasses sampling of the 
waste itself, followed by sorting it into various 
material fractions such as paper, plastic, organics, 
combustibles, etc. This initial step is crucial for 
obtaining accurate waste compositional data. 
However, the absence of reliable international 
standards for solid waste characterization has 
resulted in a variety of sampling and sorting 
approaches, complicating the comparison of 
results between studies.
 Once the waste has been sampled 
and sorted, the next phase involves handling, 
interpreting, and applying the obtained data. 
Researchers worldwide have developed study 
protocols based on available resources and 
convenience. Samples are collected from different 
public groups such as residences, shops, hotels/ 
restaurants and institutes to represent diverse 
waste sources. Accurate and reliable data on waste 
composition are vital for both waste management 
planning and environmental assessments.
 Solid waste sampling can take different 
forms, often involving direct sampling either at the 
source (e.g. households) or from vehicle loads.49 
Vehicle load sampling is commonly preferred 
for its efficiency in capturing a representative 
sample waste. As part of routine practice, waste 
is collected from designated areas every morning 
by pick up vehicles and transported to processing 
plants. Samples were then collected from these 
loads for further studies and analysis.50

MATERIALS AND METHODS

Solid waste management practices in Pune city 
 Pune (Figure 1) the seventh most 
populous city located on the Western region 
of India and the second-largest city in the state 

of Maharashtra, with an estimated population 
of 7.4 million as of 2020. Considering diverse 
metropolitan population, Pune was selected for 
said study.51 Alongside two municipal corporations 
and three cantonment towns, Pune forms the 
urban core of the Pune Metropolitan Region 
(PMR). Renowned as the 'Oxford of the East', Pune 
boasts a plethora of educational institutions.
 The Pune Municipal Corporation overseas 
the systematic collection of kitchen waste from 
multiple locations every morning, transporting 
it to treatment plant nearby.52-54 In Pune city, 
approximately, 2000-2500 MT of solid waste is 
generated at various locations which include 
biodegradable as well as non-biodegradable This 
waste is collected from various spots and stored 
at proximity sites for segregation, with recyclable 
materials separated for reuse, and the reminder 
transported for processing 
 The composition of solid waste in Pune is 
roughly 45-50% organic matter, 35-40% recyclable 
matter, and 10-15% inert material. Around 150 
MT per day of hotel waste, a subset of organic 
waste fraction, is collected separately processed 
at 25 decentralized bio-methanation plants. The 
remaining biodegradable waste is utilized for 
composting and vermicomposting in residential 
complexes.55

 Despite the challenges posed by its 
growing population, Pune has effectively managed 
its solid waste through systematic organizational 
planning. This paper focuses on the compositional 
and nutritional evaluation of FW samples collected 
and analyzed from Pune, shedding light on the 
city’s waste management practices.56 FW study 
procedures taking place worldwide, for, sampling, 
laboratory analysis and statistical analysis were 
taken into consideration.19,53,57

 Specifically, the study delves in to kitchen 
waste generated by hotel across Pune, highlighting 
a specific research project within the border 
context of municipal solid waste management. 

Sample collection
 The activity started with identifying key 
locations in Pune city with collection centers, 
considering atmospheric conditions, sampling 
frequency, and procedures. Biogas plants for 
processing FW are situated at various sites across 
the city from which samples were collected. To 
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address comprehensive observation, four diverse 
locations were chosen. to represent all regions 
adequately.
 Sampling was conducted across three 
seasons, with samples collected in May 2019, 
September 2019, and February 2020 covering a 
full year. Before sample collection, consultations 
were held with senior authorities from the Pune 
City MSW Department to gain insights into the 
city’s solid waste management procedures. 
The samples were collected from waste heaps  
(Figure 2) as part of this project.
 Each heap yielded approximately 1 kg 
of sample, gathered from five distinct parts and 
stored in food grade plastic bags, securely sealed 
to prevent contamination. During collection, 

protective gear including hand gloves and face 
masks were worn. Upon collection, the sealed 
sample bags were promptly transported to 
the laboratory and placed in the deep freezer 
section to prevent microbial activity and preserve 
composition. This preservation method was 
applied uniformly to samples from all locations. 
Collected samples from all locations were 
preserved in the same manner from all locations. 
Locations selected for sampling included Aundh & 
Ghole road depot in central zone and Katraj and 
Yerawada depot from South and North regions, 
respectively. Samples were collected thrice from 
the same locations to ensure compositional 
averages were representative.

 Table 1. Analytical parameters, procedures and major instruments used

No. Parameters Analytical procedure Laboratory equipment

A Physico-chemical analysis
1 Bulk density IS,2306 (Part III) 1964 Weighing balance
2 Total solids AOAC 18th Ed. 32.1.02 Vacuum oven, 
 Ash AOAC 18th Ed. 32.1.05 Muffle furnace, 
 Fat AOAC 18th Ed. 32.1.14 Soxhlet apparatus, 
 Proteins AOAC 18th Ed. 32.1.22C Digestion apparatus, Steam distillation
 Crude fibre AOAC 18th Ed. 32.1.17 Soxhlet apparatus
 Starch AOAC 18th Ed. 32.2.07,  Incubator shaker, Vacuum filtration, 
  AACC HPLC-Agilent 1200
 Pectin Analysis and quality control for Vacuum filtration unit, hot air oven
  fruit and vegetable products. 2nd

  ed. By Ranganna. Page no. 40-42

B Free sugars, carbohydrates and lignin
1 Free sugars AOAC 18th Ed.32.2.07 HPLC-Agilent-1200
2 Carbohydrate Lignin NREL, Determination of structural HPLC-Agilent-1200
  carbohydrates and lignin, Laboratory 
  analytical procedures, version 2012.
C Organic by-products 
 Organic byproducts by HPLC
 Lactic acid, Glycerol, Ethanol Bio-Rad: Food and Beverage HPLC 1260/1200 series (Agilent), 
  biotechnology and Bio-Organic  Column-Aminex HPX (300 x 7.8 mm)
  analysis. Page: 18
 Organic volatile byproducts by GC
 Methanol, higher alcohols,  ASTM D4815 GC-Agilent 7890A
 esters etc.
 Organic volatile acids by GC
 Acetic acid, butyric acid,   Altech Association Inc. 2004,  GC-Agilent 7890A
 propionic acid GC section. Page No. 340

D Elemental analysis by ICP
 Zn, Fe, Mn, Cu, Mg, Ca,  50.1.15, AOAC official method,  Perkin Elmer procedures, Perkin
 Na, K, S, P 984.27, 18 th edition.2006 Elmer optima 2100 DV
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Sample preparation for compositional analysis
 After removal from the deep freezer, 
all four sample bags were thawed to room 
temperature. Thawed FW samples were assessed 
for bulk density and processed individually using 
food pulverizer (Figure 3). This process resulted in 
the creation of a slurry as depicted in Figure 4.
 The slurry was then homogenized 
appropriately and from each slurry matter around 
150 g sample was analyzed.
Analytical procedures
 Given the extensive analytical work load, 
rigorous standard operating procedures (SOPs) 
were adhered throughout. All the analytical 
procedures were conducted at the ISO-recognized 
Praj Matrix R&D Center. Analytical protocols 
outlined in the Praj analytical manual, derived 

from standards such as AOAC, ASTM, and ICUMSA, 
were followed, ensuring suitability for FW analysis. 
Utilizing standard and industry-recognized 
laboratory equipment and instruments coupled 
with SOPs and regular calibrations, maintained 
precision and accuracy. Analytical parameters 
were categorized based on their nature, as detailed 
in Table 1.
 
Physico-chemical composition
 Analytical procedures mainly involved 
gravimetric, titrimetric, and distillation techniques. 
These techniques were utilized to estimate bulk 
density and chemical components, focusing on 
biological macro molecules like starch, proteins 
and fats on as-is basis

Figure 1. Map of India51
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Carbohydrates and lignin
 For carbohydrates and lignin, the sample 
underwent distinct preparation methods before 
analysis. Carbohydrate analysis involves initial 
drying followed by acid hydrolysis, with the 
resulting hydrolysate subjected to analysis via 
High-Performance Liquid Chromatography (HPLC). 
To collectively access the free and hydrolyzed 
sugars. Lignin analysis, on the other hand after 
drying, utilized solvent extraction as the method 
of choice.

Organic by- products analysis
 Organic by-products, such as glycerol, 
lactic acid, and ethanol were determined using 
high performance liquid chromatography (HPLC) 
on as-is basis.
 For organic volatile by-products, including 
aldehydes, esters, and higher alcohols, gas 

chromatography (GC) was employed for analysis, 
also on an as-is basis.
 Similarly, organic volatile acids like 
acetic acid, butyric acid, and propionic acid were 
determined using gas chromatography (G.C) again 
on as-is basis.

Inorganic elemental analysis
 Trace inorganics elements were quantified 
using inductively coupled plasma atomic emission 
spectroscopy (ICP) Before analysis, the samples 
were subjected to digestion using nitric acid. 

RESULTS

 The results revealed that the constituents 
analyzed in FW predominantly originated from 
their own content and the source where the 
waste was generated and collected. However, a 

Figure 2. Heap of Food Waste Figure 3. Pulveriser Machine

Figure 4. Slurry after pulverisation
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Figure 5. Physicochemical Composition

few constituents generated during collection and 
transportation eventually contributed to the FW.

Physico chemical composition
 The figures illustrate more or less 
consistent levels of ash, crude fiber, starch, and 
free sugars across sample collected during all 
seasons and from all locations. However, solid 
content appears relatively higher in samples 
collected in February 2020 from all four reasons. 
Particularly, samples from Katraj consistently 
exhibit elevated solid content across all three 
seasons. Additionally, fat content emerges as 
predominant in all four samples collected during 
May 2019 (Figure 5). 

Carbohydrates and lignin
 These estimations were conducted 
on dry basis, revealing that glucose is notably 
prominent in samples collected from all locations 
across seasons. The glucose detected in the 
samples comprises both free glucose and the 
hydrolyzed product of starch, suggesting that 
starchy materials such as cereal products, are 
the primary contributors to carbohydrates. This 
indicates that starchy materials like cereal products 
are the main contributors to carbohydrates. Xylose 
and arabinose are negligible, indicating that 
cellulosic material has minimal contribution to FW. 

Notably, vegetables and fruit market waste was not 
included in the sample collection. Unexpectedly, 
lignin has contributed more, indicating that seeds 
and vegetable structural material became part of 
the samples (Figure 6).

Organic By- products
Organic by-products by HPLC
 Lactic acid naturally occurring in plants as 
a product of cellular metabolism, is also found in 
animal tissue and can therefore be present in FW. 
Additionally, lactic acid, along with glycerol and 
ethanol, is a fermentation by-product produced 
by microorganisms during the collection and 
transportation of FW. These microorganisms utilize 
sugary substrates present in FW for fermentation. 
Analysis of the samples indicates a prevalence 
of lactic acid in all samples, particularly notable 
in September 2019, where levels are higher in 
samples Katraj and Aundh. The presence of these 
fermentation byproducts suggests the existence 
of variety of active bacteria and yeasts in the FW 
samples (Figure 7).

Organic volatile by-products by GC
 The origin of acetaldehyde in food can be 
traced back to fruits and dairy products. Acetone, 
naturally found in plants, trees, and animal tissues, 
arises from the breakdown of fats. Methyl acetate, 
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used as food additive for flavor enhancement, 
and ethyl acetate, naturally occurring in fruits, 
contribute to the mixture. Methanol, present in 
fresh fruits, vegetables, and fermented beverages, 
emerges as major constituent in all samples. 
Additionally, n-amyl alcohol, utilized in ice cream, 
bakery products, and pudding as additives, 
is detected. The presence of N-propanol and  
iso-butanol is attributed to microbial activity. 
Besides their natural occurrence, all the mentioned 
by-products are produced during fermentation 
with methanol notably produced after pectin 
breakdown (Figure 8). 

Organic volatile acids by GC
 The presence of organic acids in FW 
includes acetic acid, naturally occurring in fruits 

like apple, grapes and oranges, and commonly 
used as preservative in the form of vinegar. 
Butyric acid and iso-butyric acid are naturally 
present in butter, cheese, yogurt, and fermented 
food products. Valeric acid and iso-valeric acid 
occur naturally in both plant and animal tissue 
as metabolites. Propionic acid in FW results from 
bacterial activity. Across all samples collected 
and analyzed from various locations and seasons, 
acetic acid concentration stands out notably higher 
than all other volatile acids by-products. This 
suggests the abundance of acetic acid bacteria. 
However, such high concentration of acetic acid 
may inhibit the desired microbial reaction when 
FW is used as a fermentation medium (Figure 9).

Figure 6. Carbohydrate and lignin

Figure 7. Organic By-products by HPLC
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Figure 8. Organic Volatile By-products by GC

Figure 9. Organic Volatile Acids by GC

Inorganic elemental analysis
 Zinc (Zn), manganese (Mn), magnesium 
(Mg) serve as crucial co-factors in enzymatic 
reactions and are found in FW, although Zn is 
notably absent in samples collected in May 2019. 
Copper (Cu) is absent in all samples, suggesting 
that inhibition due to Cu will not occur if FW is 
utilized as a fermentation medium. Calcium(Ca), 
sodium (Na), and potassium (K) are predominantly 
present in all samples as major constituents. 
These salts may occur naturally in food or could 
have been added during cooking. However, 
their excess presence can induce osmotic stress 
on microorganisms, thereby slowing down 
their growth. The presence of sulfur (S) and 
phosphorous (P) in FW serves as essential building 

block elements for the production of amino acids 
and nucleic acids (Figure 10). 

Average compositional analysis
 Average compositional analysis of all 
samples, regardless of the sampling location 
or season is presented in Table 2 alongside 
standard deviations. Few to mention – total solids 
average 22.80% with standard deviation 7.71, fat 
average 12.72% w/w, with standard deviation 
6.24, proteins average 6.72% w/w with standard 
deviation 6.07, starch average 7.27% w/w with 
standard deviation 2.51, likewise, the presence 
of numerous deviations in most constituents 
highlights the diversity in analytical values. These 
deviations are crucial in determining the physico-
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chemical pretreatment process parameters and 
conversion methodologies. Understanding these 
variations is essential for optimizing the treatment 
and conversion of FW into valuable products. 

DISCUSSION

 The above results show that the 
presence of starch, sugar, proteins, fats, and 
trace elements in all samples indicates that 
the concentrations of these components are 
sufficient to support microbial growth and produce 
desired product. While noticeable variations in 
almost all components may occur on day-to-day 
basis, it is expected that average values remain 
relatively consistent. Therefore, pretreatment 
parameters can be designed to accommodate 
these compositional variations. Evaluation and 
quantification of those important components, 
which contribute to the nutritional value of the 
FW become crucial in determining the appropriate 
treatment methods and subsequent utilization. 
Understanding carbohydrates, proteins, fats, 
vitamins, elements, and trace elements content, 
by and large, is important and useful to decide the 
potential application of FW. 
 With a water content of approximately 
77%, the need for additional water during FW 
processing is minimal, primarily required to ensure 
flowability. Starch and free sugar serve as valuable 
carbon and energy source while proteins support 
cell-mass growth. Fiber content can be repurposed 
as feed for cattle. Comparatively, compositional 

analysis of FW conducted in other countries, such 
as the European Union, demonstrate similarities 
to our findings. However, the relatively high 
occurrence of acetic acid among other byproducts 
suggests undesired bacterial activities during 
handling, collection and transportation. Elevated 
methanol content, indicative of pectin degrading 
bacteria presence, highlights potential issue. 
Elemental analysis reveals the presence of zinc 
(Zn), manganese (Mn), and magnesium (Mg) ions 
crucial for enzymatic reaction, further emphasizing 
the potential value of FW in various applications. 
 Understanding compositional analytical 
parameters of FW is crucial for determining 
enzyme doses, process parameters, and pre-
treatment conditions. It’s essential to revisit and 
address why FW is nutritionally rich for microbial 
growth and product formation. The nutritional 
requirements of microorganisms are primarily 
revealed by the elemental composition of cells, 
consisting of carbon (C), hydrogen (H), oxygen (O) 
nitrogen sulfur (S), phosphorous (P), potassium 
(K), magnesium (Mg), iron (Fe), calcium (Ca), 
manganese (Mn), and traces of zinc (Zn), cobalt 
(Co), copper (Cu), and molybdenum (Mb). These 
elements, along with water, inorganic ions, small 
molecules, and macromolecules, serve structural 
and functional roles in microbial cells.56 Organic 
compounds such as carbohydrates and fats fulfill 
the carbon, hydrogen and oxygen requirements 
of microorganisms, providing energy in the form 
of adenosine triphosphate (ATP) generated during 
various biochemical pathways. 

Figure 10. Elemental Analysis by ICP



  www.microbiologyjournal.org2106Journal of Pure and Applied Microbiology

Soni et al | J Pure Appl Microbiol. 2024;18(3):2095-2112. https://doi.org/10.22207/JPAM.18.3.59

 The general physiological functions 
of the elements4 are outlined in Table 3. Trace 
elements are metal ions required by certain cells 
in such small amounts that it is difficult to detect 
(measure) them, and it is not necessary to add 
them to fermentation media as nutrients. As metal 
ions, the trace elements usually act as co-factors for 
essential enzymatic reactions in the cell example 
include Mn, Co, Zn, Cu, and Mo. Components of 
FW selected for analysis, contribute to microbial 
growth and metabolism as shown in the Table 3. 
These components play a crucial role as precursors 
for different enzymatic reactions, while some 
serve as important substrates in fermentation.57 

Additionally, volatile components were also 
selected for analysis as they indicate the level of 
microbial activity taking place in the FW during 
collection and transportation.
 After understanding FW in terms of 
compositional analysis, constituent deviation 
ranges and the major component present, the 
valorisation process is decided. For example, if 
free sugars and starch is more, such a FW may 
be considered for converting into fermentation 
medium leading to ethanol, lactic acid production. 
FW having particular bioactive compound in 
greater quantities, can be used for extracting it. 
Similarly, the FW with required C: N ratio is used 
for anaerobic digestion. 
 Although, this paper mentions only 
domestic kitchen waste, it’s also important to 
understand the food industry and agriculture 
waste because those have remarkable quantities 
to contribute in FW globally. 
 Globally, on an average, fruits and 
vegetables contributed about 45% of to the total 
FW. Usually, unavoidable FW, especially peel, skin, 
and twigs of fruits, contains a greater amount of 
bioactive compounds than do the edible portions. 
In addition, it is also reported that food processing 
waste is rich in protein, lipid, and carbohydrates, 
thus exhibiting valorization potential in producing 
animal feed, cosmetics, chemicals, as well as 
prebiotics, and it can play an important role 
in reducing problems associated with.58 The 
residues of raw agricultural products constitute 
the agricultural wastes. Such residues are corn 
stalks, sugar cane bagasse, and culls from fruits and 
vegetables, pruning are few. The main food groups 
contributing to nutrient and FW or loss are cereals 

Table 2. Average values and standard deviation

No. Parameters Unit Average Std. 
    Deviation

A Chemical As is basis    
 analysis
1 Ash %w/w 1.16 0.35
2 Total solids %w/w 22.80 6.71
3 Fat %w/w 12.74 6.24
4 Proteins %w/w 7.99 6.07
5 Crude fiber %w/w 6.72 1.99
6 Starch %w/w 7.27 2.51
7 Free sugars %w/w 3.39 1.27
B Carbohydrates  On dry basis
 & lignin
1 Glucose %w/w 37.64 9.61
2 Xylose %w/w 2.67 1.00
3 Arabinose %w/w 1.22 0.88
4 Acid Insoluble Lignin %w/w 17.27 5.53
C Organic by- As is basis  
 products by HPLC 
1 Lactic acid %w/w 0.54 0.43
2 Glycerol %w/w 0.04 0.04
3 Ethanol %w/w 0.22 0.15
D Organic volatile  As is basis  
 by-products by GC
1 Acetaldehyde mg/kg 75.9 39.3
2 Acetone mg/kg 20.8 5.5
3 Methyl Acetate mg/kg 0.0 0.0
4 Ethyl Acetate mg/kg 24.8 14.2
5 Methanol mg/kg 222.9 95.5
6 N-Propanol mg/kg 12.3 28.3
7 Iso-Butanol mg/kg 4.0 1.4
8 Isi-Amyl Acetate mg/kg 5.3 3.3
9 Iso-Amyl Alcohol mg/kg 52.7 54.1
10 n-Amyl Alcohol mg/kg 24.6 22.7
E Organic volatile As is basis   
 acids by GC
1 Acetic acid mg/kg 2335 799
2 Propionic Acid mg/kg 48 52
3 Iso- Butyric Acid mg/kg 7 14
4 Butyric Acid mg/kg 65 75
5 Iso- Valeric Acid mg/kg 12 16
6 Valeric Acid mg/kg 27 37
F Elemental As is basis  
 analysis 
1 Zn mg/kg 4 1
2 Fe mg/kg 39 53
3 Mn mg/kg 4 1
4 Cu mg/kg 0 0
5 Mg mg/kg 239 57
6 Ca mg/kg 1161 616
7 Na mg/kg 1152 366
8 K mg/kg 1106 184
9 S mg/kg 433 127
10 P mg/kg 421 126
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and pulses, fruits and vegetables, meat and animal 
products, roots, tubers, and oil-bearing crops. 
The animal-derived FWs contain fats, lard, blood, 
internal organs of farm animals, offal, head, tails, 
scales, shells of marine animals, and dairy products 
such as cheese whey, curd, and milk sludge. The 
wastes of vegetables, fruits, cereals, roots and 
tubers, oil crops, and pulses consist of peels, stems, 
seeds, shells, bran, germs, cull, pomace, pulp, and 
other residues obtained from processing. Wheat 
straw, orange peel, grape pomaces, olive pomace, 
apple pomace, and potato peel. Those wastes can 
be used for extracting the bioactive component 
present in it.59 Various types of FW, such as waste 
from fruit, vegetables, grains, and other food 
production and processing, contain important 
bioactive compounds, such as polyphenols, 
dietary fibre, proteins, lipids, vitamins, organic 
acids, and minerals, some of which are found in 
greater quantities in the discarded parts than in 
the parts accepted by the market. These bioactive 
compounds offer to convert it into value-added 
products, thus enhancing people’s confidence in 
better utilizing and managing FW. To harness the 
potential of FW in extracting these compounds, it 

is possible to create high-quality and functional 
food ingredients, cosmetic products, and dietary 
supplements. This approach aims not only to 
reduce FW but also to create new sources of income 
and support the greenhouse gas emissions into the 
environment. The valorization of FW through the 
production of value-added products based on its 
bioactive compounds is a pioneering solution for 
reducing waste and generating new economic 
possibilities. Nanotechnological approaches are 
recently used as novel and green applications 
to valorize agricultural FWs and improve their 
stability and applicability.60 Considerable amounts 
of expired FW are generated every day. They are 
rich in organic carbon and in other elements, 
including nitrogen, phosphorus and potassium, 
which cannot be wasted. The expired FW for 
biogas production in anaerobic digestion process is 
known since decades. A database was extrapolated 
from the tests carried out in order to obtain a 
complete list of physico-chemical and biochemical 
methane potential (BMP) of 88 expired FW. The 
organic composition and other factors such as 
pH, temperature, C/N ratio of the samples varies 
considerably with the region, the season and the 

Table 3. Major elements, their sources and functions in microbial cells55

Element % of Source Function
 dry 
 weight

Carbon 50 Organic compounds or CO2 Main constituent of cellular material
Oxygen 20 H2O, organic compounds, CO2 Constituent of cell material and cell water; 
  and O2 O2 is electron acceptor in aerobic respiration
Nitrogen 14 NH2, NO3, organic compounds, N2 Constituent of amino acids, nucleic acids, 
   nucleotides and coenzymes
Hydrogen 8 H2O, organic compounds, H2 Main constituent of organic compounds and 
   cell water
Phosphorous 3 Inorganic Phosphates (PO4) Constituent of nucleic acids, nucleotides, 
   phospholipids, LPS, teichoic acids
Sulphur 1 SO4, H2S, S, organic sulphur Constituent of cysteine, methionine, 
  compounds glutathione, several coenzymes
Potassium 1 Potassium salts Main cellular cation and cofactor for certain 
   enzymes and component of endospores
Magnesium 0.3 Magnesium salts Inorganic cellular cation and cofactor for 
   certain enzymatic enzymes
Calcium 0.5 Calcium salts Inorganic cellular cation, co factor for certain 
   enzymes and component of endospores
Iron 0.2 Iron salts Component of cytochromes and certain iron 
   protein and cofactor for some enzymatic 
   reactions
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processing characteristics, resulting in methane 
yield variations. Therefore, knowledge of the 
appropriate physical and chemical properties of 
the feedstock, working conditions and the effects 
of the inhibition of various components on the 
anaerobic digestion processes is a key element, 
necessary to optimize energy production from 
FW. The anaerobic digestion method converts the 
energy contained in FW into a useful fuel (biogas) 
that can be stored. In addition, this method allows 
the transformation of organic waste into stable 
soil improvers and valuable products, such as 
fertilizers. In particular, anaerobic digestion of FW 
is a complex process that simultaneously digests 
all organic substrates such as carbohydrates, lipids 
and proteins.61

 Although, landfilling is most easy way of 
disposing of FW, it not only consumes valuable 
land, it also causes air, water and soil pollution, 
releasing methane into the atmosphere and 
releasing chemicals and pesticides into the earth 
and in the groundwater. When the food becomes 
not suitable for human consumption and its reuse 
as animal feed is not possible, it is diverted to 
energy production systems, which are used for 
energy recovery in a sustainable and renewable 
way. Considering the necessity to stabilize the 
FW from the point of view of environmental 
protection, biotechnological methods are the 
most useful and economic methods. Bioconversion 
technologies, such as ethanol, 2.3 butanediol, 
and fields including nutritional foods, bioplastics, 
bioenergy, bio surfactants, bio fertilizers, and 
single cell proteins are more suitable, compared 
to thermochemical conversion technologies, such 
as combustion and gasification, due to the raw 
material high moisture content. The chemical 
composition of feed stocks has a great influence 
on the presence and concentration of system 
buffering components.
 FW valorization aims not only to reduce 
FW but also to create new sources of income 
and support the creation of a circular economy. 
To ensure the environmental and economic 
sustainability of future FW valorization, it is 
essential to consider the availability of this waste 
over time, its techno economic potential, and 
the environmental assessment of benefits and 

burdens based on its life cycle, and creation of a 
circular economy. 

CONCLUSION

 Traditionally, FW was managed through 
methods such as sanitary landfilling, incineration, 
composting, and sometimes as animal feeds or 
feed ingredients. However, these options can 
cause secondary pollution and additional energy 
consumption. In recent years, the concept of 
circular bioeconomy has gained traction as a 
way to transform the linear economy of FW as a 
valuable resource for the production of chemicals, 
material, and fuels, a practice that has been 
increasingly adopted in many countries. European 
Union (EU) has introduced the directive to reduce 
organic waste gradually, so that it can be either 
reused for production of biochemical or compost 
or energy.
 Compared to other developing Asian 
countries, developed nations have showcased 
learnable models of FW valorization supported 
by higher utilization rates and policies focused 
on “zero waste and resource recycling”. Recently, 
nano technological approaches are used as novel 
and green applications to valorize agricultural food 
wastes and improve their stability and applicability. 

Extensive efforts are invested in cultivating 
vegetables, cereals, nuts, and seeds to ensure they 
are rich in carbohydrates, proteins, fats, minerals 
and vitamins, enhancing their nutritional value for 
human consumption. However, statistics indicate 
that only one-third of these foods are consumed by 
humans, with the remainder becoming waste. This 
so called FW, although enriched with nutrionally 
significant components, is not fit for human 
consumption and is thus labeled as waste. It is 
important to note that, while FW refers to both 
uncooked and cooked food materials that are 
unusable for human consumption, this does not 
imply a reduction in their nutritional value. 
 FW, derived from various organic sources, 
is increasing at an alarming rate, impacting the 
economic conditions of several nations adversely. 
The study highlights that the recycling of food 
products can be explored at various stages of 
food supply chain from post-harvest, through 
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processing, distribution, to consumption. Essential 
nutrients and vital bacteria present in FW can 
be effectively utilized to generate recycled raw 
materials for various industrial applications. 
This approach not only mitigates waste but also 
promotes sustainable resource utilization. Another 
approach is extraction of important bioactive 
compounds, such as polyphenols, dietary fiber, 
proteins, lipids, vitamins, organic acids, and 
minerals, some of which are found in greater 
quantities in the discarded parts than in the 
parts accepted by the market. The compositional 
analysis of all FW samples revealed the presence 
of free sugar, starch, and crude fiber serve as 
carbon sources. Proteins, vital for the growth of 
microorganisms, are also present, fulfilling the 
nutritional requirement of cell organelles. Being of 
plant origin, the FW also contains some vitamins 
and essential trace elements such as Zn, Mn, Mg, 
which act as co-factors in enzymatic reactions. Fats 
and oils are present both as part of the original 
content of the waste and also from external 
sources like vegetable cooking oil. These fats and 
oils were extracted using hexane as a solvent, and 
it has been observed that the extracted oil has 
potential for biodiesel production.
 Whi le  the  waste  conta ins  both 
carbohydrates and proteins, it may not be readily 
available to bacteria and yeast in their easily 
assimilable or fermentable forms. Free sugars 
such as glucose, fructose, xylose, and sucrose 
are generally considered fermentable. However, 
polysaccharides like starch, cellulose, and pectin 
require enzymatic breakdown before they can be 
utilized by most microbes, as only certain bacteria 
and yeasts produce the enzymes needed to 
convert these complex sugars into simpler forms. 
To convert polysaccharides into fermentable 
sugars, enzymatic pretreatment is essential. 
For starch, enzymes such as amylases are used 
to liquefy and saccharify it into simpler sugars. 
Similarly, cellulase and pectinase are employed 
to breakdown cellulose and pectin, respectively. 
These enzymes not only facilitate the conversion 
of complex carbohydrates into simpler sugars but 
also help reduce the viscosity of the slurry during 
pretreatment, making the sugar more accessible 
for microbial fermentation.
 To convert proteins into assimilable 

nitrogen form, proteinase is utilized during 
pretreatment. The presence of lactic acid 
glycerol, and ethanol indicates uncontrolled 
microbial reactions occurring due to spoilage 
microorganisms during transportation. The wider 
range of component deviations pose challenges in 
determining pretreatment parameters; however, 
overall valorization is still manageable. Higher 
values can lead to increased spoilage and reduced 
nutrient availability for composite feedstock. 
Additionally, if these products persist through 
pretreatment, they may pass into the feedstock 
and potentially inhibit the desired fermentation 
process. 
 It is recommended to establish a 
strategic roadmap for the biotechnological 
valorization of FW at all social levels to optimize 
resources, reduce waste, and control pollution. 
The environmental and economic impacts of 
FW depend on the multiple parameters of waste 
management systems. Enormous efforts are taken 
to minimize FW and to valorize it thus to reduce 
environmental and economic loss. A joint effort 
from stakeholders is the key to reducing FW and 
the efficient and effective valorization of FW to 
improve its sustainability. Continuation of research 
projects can draw cues from studies exploring 
microbial routes to recover value from FW into 
various chemical building blocks. Recycling FW 
into valuable chemicals directly contributes to 
transitioning from fossil fuel-based economies to 
a bio-economy, ultimately aiding in the reduction 
of food wastage for society as a whole. Not 
only Pune, but the model can be worked out  
similarly in other metro cities globally. 
 Evaluating the nutritional richness of food 
waste is first step for researchers to understand its 
composition and potential. This understanding is
crucial for furthering research towards sustainable
chemistry and establishing bio-economy.

ACKNOWLEDGMENTS 
 The authors extend their gratitude to Praj 
Industries Limited, Pune, India, for their financial 
support and to the analytical department of 
Praj Matrix R&D center for providing analytical 
services. Also, authors acknowledge the Pune 
Municipal authorities for granting access to solid 
waste treatment plants for sample collection.



  www.microbiologyjournal.org2110Journal of Pure and Applied Microbiology

Soni et al | J Pure Appl Microbiol. 2024;18(3):2095-2112. https://doi.org/10.22207/JPAM.18.3.59

CONFLICT OF INTEREST
 The authors declare that there is no 
conflict of interest.

AUTHORS' CONTRIBUTION
 All authors listed have made a substantial, 
direct and intellectual contribution to the work, 
and approved it for publication.

FUNDING
 None.

DATA AVAILABILITY
 All datasets generated or analyzed during 
this study are included in the manuscript.

ETHICS STATEMENT
 This article does not contain any studies 
with human participants or animals performed by 
any of the authors.

REFERENCES

1.  Inger Anderson, United Nation's Environment Program. 
JSBN No. 978-92-807-3851-3, Job No. DTI/2349/PA. 
Food waste Index Report, Nairobi. 2021.

2.  Food and Agriculture Association of United Nations, 
Sustainable Development Goals. https://sdgs.un.org//

 2030agenda
3.  Gustavsoon J, Cederberg C, Sonesson U, Otterdijk R, 

Meybeck A. Global Food Losses and Food waste. Food 
and Agriculture Association of United Nations; Study 
Conducted by International Congress at "Save Food" 
at Inter Pack Dusseldorf, Germany. 2011. 

4.  Kenneth Todar. Todar's Online Book of Bacteriology, 
University of Wisconsin, Department of Bacteriology. 
Nutrition and Growth of Bacteria. 2015.

5.  Yan L. Microbiological Treatment of Food waste. J food 
Biotechnol Res. 2017;1(2). 

6.  Esra UK, Antoine PT, Wun J, Yu L. Bioconversion of Food 
waste to Energy: A Review. Fuel. 2014;134:389-399. 
doi: 10.1016/j.fuel.2014.05.074

7.  Ajith PS. A Study on the Effectiveness of Solid Waste 
Management of Municipalities in Kerala, Ph.D. 
Dissertation, Mahatma Gandhi University, Kerala, 
India. 2015. https://shodhganga.inflibnet.ac.in:8443/
jspui/handle/10083/45109

8.  Trivedi S, Bhoyar V, Belgamwar V. 5 practices of food 
waste management and its impact on environment. 
360-Degree waste management, 2023 (1): 89-111.  
doi: 10.1016/B978-0-90760-6-00001-1

9.  Gullermo-Gracia GG, Elliot W, Shahin R. A methodology 
for sustainable management of food waste. Waste 
Biomass Valor. 2017(8).2209-2227. https://www.ncbi.
nlm.nih.gov.PMC/articles/PMC6961471/pdf/12649-
2016_Article_9720.pdf

10.  Silvennornen K, Katajajuuri JM, Hartikainen H, 
Jalkanen L, Koivupuro HK, Reinikainen A. Food waste 
Volume and Composition in the Finnish Supply Chain. 
In Proceedings Venice 2012, Fourth International 
Symposium on Energy from Biomass and Waste, Cini 
Foundation, Venice, Italy. 2012.

11.  Sharma KD, Jain S. Overview of MSW Generation, 
Composition and Management in India. J Environ 
Eng. 2019;145(3):1-18. doi: 10.1061/(ASCE)EE.1943-
7870.0001490

12.  Gilbert N, Ziqiang Y, Hongzhi, Gilbert M. Current 
Situation of Solid Waste Management in East African 
Countries. Afr J Environ Sci Technol. 2021;15(1):1-15. 
doi: 10.5897/AJEST2020.2911

13.  Vyas S, Prajapati P, Shah AV, Srivastava VK, Varjani S. 
Opportunities and Knowledge Gaps in Biochemical 
Interventions for Mining of Resources from Solid 
Waste: A Special Focus on Anaerobic Digestion. Fuel. 
2022;311:122625. doi: 10.1016/j.fuel.2021.122625

14.  Silpkaza; Urban Development Series, What A Waste 
2.0, A Global Snapshot to Solid Waste Management 
to 2050, The World Bank. https://openknowdgeworld 
bank.org/handle/10986/2174

15.  Cristain T, Nathiely R, Liliana L. Food Waste and 
Byproducts: An opportunity to minimise Malnutrition 
and hunger in developing countries. Frontiers in 
Sustainable Food Waste. 2018;2. doi: 10.3389/fsufs.   
.2018.00052

16.  Sanchez Z. Brief on Food waste in European 
Union. European Commission's Knowledge Center 
for Bioeconomy. 2020. https://ec.europa.eu//
knowledge4policy/bioeconomy

17.  Soni A, Patil D, Argade K. Municipal Solid Waste 
Management. Procedia Environmental Sciences. 
2015;35:119-126. doi: 10.1016/j.proenv.2016.07.057

18.  Karmee SK. Liquid Biofuels from Food waste: Current 
Trends, Prospect And Limitation. Renew Sustain Energy 
Rev. 2016;53:945-953. doi: 10.1016/j.rser.2015.09.041

19.  Yazid NA, Raquel B, Dimitrios K, Antoni S. Solid-State 
Fermentation as a Novel Paradigm for Organic Waste 
Valorization: A Review. Sustainability. 2017;9(2):1-28. 
doi: 10.3390/su9020224

20.  Chua GK, Tan FHY, Chew FN, Mohd-Hairul A. R. 
Nutrients Content of Food wastes from Different 
Sources and Its Pre-treatment. AIP Conf Proc. 
2019;2124:020031. doi: 10.1063/1.5117091

21.  Mamma D, Christakopoulos P. Biotransformation of 
Citrus By-Products into Value Added Products. Waste 
Biomass Valor. 2014;5(4):529-549. doi: 10.1007/
s12649-013-9250-y

22.  Ravindran R, Jaiswal AK. Exploitation of Food Industry 
Waste for High-Value Products. Trends Biotechnol. 
2016;34(1):58-69. doi: 10.1016/j.tibtech.2015.10.008

23.  Sciubba F, Chronopoulou L, Pizzichini D, et al. Olive 
Mill Wastes: A Source of Bioactive Molecules for Plant 
Growth and Protection Against Pathogens. Biology. 
2020;9(12):450. doi: 10.3390/biology9120450

24.  Jia J, Tang Y, Liu B, Wu D, Ren N, Xing D. Electricity 
Generation from Food waste and Microbial Community 
Structure in Microbial Fuel Cells. Bioresour Technol. 
2013;144:94-99. doi: 10.1016/j.biortech.2013.06.072

25.  Lam WC, Pleissner D, Lin CSK. Production of Fungal 



  www.microbiologyjournal.org2111Journal of Pure and Applied Microbiology

Soni et al | J Pure Appl Microbiol. 2024;18(3):2095-2112. https://doi.org/10.22207/JPAM.18.3.59

Glucoamylase for Glucose Production from Food 
waste. Biomolecules. 2013;3(3):651-661. doi: 10.3390/
biom3030651

26.  Parmanic S, Suja F, Jain S,Parmanic B, The anaerobic 
digestion process of biogas formation from food waste: 
Prospects and constraints. Bioresource Technology 
Reports, 2019(8). doi: 10.2016/jbiteb.2019.100310

27.  Sachin K. Biogas from Kitchen Food waste: Estimation, 
Application and Economic Analysis. Int J Res Eng Appl 
Manag. 2018;04(08):409-416.

28. Quanguo Z, Jianjun H, Duu-Jong L. Biogas from anerobic 
digestion Process: Research Updates. Renewable 
Energy, 2016 (98). doi: 101016.02.029

29.  Zang Y, Arnold R, Paavola T, et al. Compositional Analysis 
of Food waste Entering the Source of Segregation 
Stream in Four European Regions and Implication for 
Valorization via Anaerobic Digestion. In Proceedings 
of the Sardinia 2013, Fourteenth International Waste 
Management and Landfill Symposium 2013, Cagliari, 
Italy. 2013.

30.  Kubaska M, Kubaska M, Sedla S, Bodik I, Kissova B. 
Food wasteas Biodegradable Substrates for Biogas 
Production. In 37th International conference of SSCHE. 
2010:1412-1418.

31.  Juanfang J, Lianhua L, Minchao C, Anaerobic digestion 
of kitchen waste: The effects of source, concentration 
and temperature. Biochemical Engineering Journal. 
2018(135):91-97. doi: 10.2016/j.beg.2018.04.004

32.  Suyog V. Biogas Production from Kitchen Waste. M.Sc. 
Thesis, National Institute of Technology, Odisha, India. 
2011.

33.  Karimov KS, Abid M, Islomov SI, Karimova NH, Al-Grafi 
W. The Economics of Biogas Production. I I U M Eng J. 
2014;14 (2):145-152. doi: 10.31436/iiumej.v14i2.413

34.  Al-Wahaibi A, Osman AI, Al-Muhtaseb AH, et al. 
Techno-Economic Evaluation Of Biogas Production 
From Food waste Via Anaerobic Digestion. Sci Rep. 
2020;10(1):15719. doi: 10.1038/s41598-020-72897-5

35.  Curry N, Pillay P. Biogas Prediction and Design of Food 
waste to Energy System for the Urban Environment. 
Renew Energy. 2011;41(C):200-209. doi: 10.1016/j.
renene.2011.10.019

36.  Ananthakrishnan R, Sudhakar K, Abhishek G, Satya SS. 
Economic Feasibility of Substituting LPG with Biogas for 
MANIT Hostel. Int J ChemTech Res. 2013;5(2):891-893.

37.  Churiat M, Hidehisa K, Yoshio K. Feasibility Study of 
Ethanol Production from Food waste by Consolidated 
Continuous Solid State Fermentation. J Sustain 
Bioenergy Syst. 2013;3(2):143-148. doi: 10.4236/
jsbs.2013.32020

38.  Mastakas L, Kekos D, Loizidou M, Christakopoulos P. 
Utilization of Household Food waste for the Production 
of Ethanol at High Dry Material Content. Biotechnol 
Biofuels. 2014;7(4):4. doi: 10.1186/1754-6834-7-4

39.  Jagatee S, Behera S, Dash PK, Sahoo S, Rama, Mohanty 
CS. Bioprospecting Starchy Feedstocks for Bioethanol 
Production: A Future Perspective. Bioprospecting 
Starchy Feedstocks for Bioethanol Production. A Future 
Perspective. J Microbiol Res Rev. 2015;3(3):24-42.

40.  Li Z, Lu H, Ren L, He L. Review. Experimental and 
Modeling Approaches for Food waste Composting: 
A Review. Chemosphere. 2013;93(7):1247-1257. doi: 

10.1016/j.chemosphere.2013.06.064
41.  Muttalib SA, Ismail SN, Praveena SM. Application 

of Effective Microorganisms (EM) in Food waste 
Composting: A Review. Asia Pacific Environmental and 
Occupational Health Journal. 2016;2(1):37-47.

42.  Pleissner D, Qi Q, Gao C, et al. Valorization of Organic 
Residues for Added Value Chemicals: A Contribution 
to Bio-based Economy. Biochem Eng J. 2016;116:3-16. 
doi: 10.1016/j.bej.2015.12.016

43.  Yiu T, Kumar V, Samadar P. Production of bioplastic 
through food waste valorization. Environment 
International. 2019(127) 625-644. doi: 10.1016/j.
envint.2019.03.076

44.  Dai JY, Zhao P, Cheng XL, Xiu ZL. Enhanced Production 
of 2,3-Butanediol from Sugarcane Molasses. Appl 
Biochem Biotechnol. 2015;175(6):3014-3024. doi: 
10.1007/s12010-015-1481-x

45.  Ji XJ, Huang H, Ouyang PK. Microbial 2,3 Butanediol 
Production: A state of art review. Biotechnol 
Adv.  2011;29(3) :351-364.  do i :  10 .1016/ j .
biotechadv.2011.01.007

46.  Sailing P. Assessing Industrial Biotechnology 
Products with Lactic Acid and Eco Efficiency. Adv 
Biochem Eng Biotechnol. 2020;173:325-357. doi: 
10.1007/10_2019_102

47.  Girotto F, Alibardi L, Cossu R. Food waste Generation 
and Industrial Uses: A Review. Waste Manag. 
2015;45:32-41. doi: 10.1016/j.wasman.2015.06.008

48.  Verni M, Minisci A, Convertino S, Nionelli L, Rizzello 
CG. Wasted Bread as Substrate for the Cultivation 
of Starters for the Food Industry. Front Microbiol. 
2020;11:293. doi: 10.3389/fmicb.2020.00293

49.  Curi K. Sampling of municipal solid wastes. Integrated 
Approach to Environmental Data Management 
Systems. 1997. doi: 10.1007/978-94-011-5616-5_13

50.  Ed jabou ME,  Jensen  MB,  Gotze  R ,  et  a l . 
MSWComposition; Sampling Methodology, Statistical 
Analysis, and Case Study Evaluation. Waste Manag. 
2015;36:12-23. doi: 10.1016/j.wasman.2014.11.009

51. Carrer Power. https://www.careerpower.in/
neighbouring-countries-of-india.html

52.  Gallardo A, Carlos M, Peris M, Colomer FJ. Methodology 
to Design a MSWPre-Collection System: A Case 
Study. Waste Manag. 2015;36:1-11. doi: 10.1016/j.
wasman.2014.11.008

53.  Mundhe N, Jaybhaye R, Dorik B. Assessment of 
MSWManagement of Pune City Using Geospatial 
Tools. Int J Comput Appl. 2014;100(10):24-32. doi: 
10.5120/17562-8184

54.  Parhi S. Solid Waste Management: A Study of 
Pune Municipal Corporation; Symbiosis Institute of 
Management. 2015;2015:1-16.

55.  Krishnamurthy R, Mishra R, Desouza KC. City Profiler 
Pune, India. Cities. 2016;53:98-109. doi: 10.1016/j.
cities.2016.01.011

56.  Kampen WH. Nutritional Requirement in the 
Fermentation Process. Fermentation and Biochemical 
Engineering Handbook. 2014:37-57. doi: 10.1016/
B978-1-4557-2553-3.00004-0

57.  Kumar V, Longhurst P. Recycling of Food waste 
into Chemical Building Blocks. Curr Opin Green 
Sustain Chem. 2018;13:118-132. doi: 10.1016/j.



  www.microbiologyjournal.org2112Journal of Pure and Applied Microbiology

Soni et al | J Pure Appl Microbiol. 2024;18(3):2095-2112. https://doi.org/10.22207/JPAM.18.3.59

cogsc.2018.05.012
58.  Roy P, Mohanty AK, Dick P, Mishra M. A Review on the 

Challenges and Choices for Food Waste Valorization: 
Environmental and Economic Impact. ACS Environ Au. 
2023;3(2):58-75. doi: 10.1021/acsenvironau.2c00050

59.  Copanoglu E, Nemli E, Toma-Barbaran F. Novel 
Approaches in the Valorization ofAgricultural 
Wastes and their Application. J Agric Food Chem. 
2022;(20):6789-6804. doi: 10.1021/acs.jafc.1c07104

60.  Liu Z, de-Souza TSP, Holland B, Dunshea F, Barrow 
C, Suleria HAR. Valorization of Food waste to 
Produce Value Added Products Based on its Bioactive 
Compounds. Processes. 2023;11(3):840. doi: 10.3390/
pr11030840

61.  Slopiecka K, Liberti F, Massoli S, Bartocci P, Fantozzi F. 
Chemical and Physical Characterization of Food waste 
to its use in anaerobic digestion plants. Energy Nexus. 
2022;5:100049. doi: 10.1016/j.nexus.2022.100049


