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ABSTRACT

An essential element required for the existence of man and other biotic species is the environment.
The survival and well-being of all its constituent parts are measured by the physical environment's
degree of sustainability. Furthermore, using any recognized way to dispose of poisonous or harmful
compounds is insufficient. Increasing demand of human population results in utilization of many
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chemical based products like pesticides and synthetic fertilizers. But, these processes harm
ecosystem and environment with increasing toxicity and pollutant. Excess mining with acids to
recover metals also cause pH imbalance and change of natural microbial community. Waste is
generated from routine life which comprising food wastes, animal wastes or agricultural wastes.
These waste material contain cellulose, lignin and starch components. Waste material can be
decomposed by microorganisms for their own growth. Microorganisms can synthesize different type
of bioplastics by decomposing waste material. They can also fix nutrition in soil and can be used as
a biofertilizers. Antagonistic nature of microbes can be used as a pesticide to kill pests in
agricultural sector. Besides these enormous benefits of microbes, they can even recover metals
from raw ore. Biobased products can even be degraded easily without any posing any toxicity. The
greatest way to manage the environment is to recycle all of its constituent parts, or wastes, making
them usable and assisting the biotic and abiotic relationships in maintaining the aesthetically
pleasing and physiologically sound balance that distinguishes an ideal environment. Thus, this
review comprises screening of utilization of microbes to produce bio based products from waste
material to sustain the environment from chemical based products. Cooperation between nations
and organizations is essential for knowledge exchange and for giving developing countries financial
and technical support.

Keywords: Biopesticide; biofetilizers; biofuel; sustainable environment; wastes; sustainable resource
management and ecosystem restoration.

1. INTRODUCTION are responsible to harm crop. Uncontrolled use

of synthetic fertilizers and pesticides is causing

shelter, soil and aquatic environment poisoning.

Biomagnification and bioaccumulation of these

Natural ecosystem provides food,
protection and mostly other needful things to live

life. Ecosystem consists of biotic and abiotic
factors that are required to balance natural
system through different interactions patterns.
But, rapid development by expanding human
population which is the result of requirements
satisfaction and distribution cause disturbance
and negative effect to this balanced system
[1]. Use of chemical fertilizers, synthetic
pesticides, petroplastics, hazardous chemicals
and xenobiotics cause harm and create toxicity
to the environment. Chemical fertilizers are
widely and routinely used to increase agricultural
crop yield. Pesticides like organophosphate,
orgnochloride, carbamate are also applied in
farm sector to control various types of pest which
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compounds and their residues cause disease to
living beings and also disrupt food chain and
food web. For example, quinalphos and carbosulf
an belongs to class Il toxicity level and cause
toxicity by inhibiting acetyl cholinesterase
enzyme of nervous system. Endosufan has LD50
value 80 mg/kg in Rat [2]. If this imbalance goes
in continuity, it can potentially pollute and
destruct natural ecosystem in nearest timeline.
To prevent this environmental damage and make
it sustainable one should focus on options which
can fulfil of human demands with less pollution
causing tendency during and also after use. So,
these optional materials should be recyclable,
reusable but not recalcitrant (Fig. 1).
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Fig. 1. Overview of waste management process for sustainable environment
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Environmental sustainability can be achieved
through use of products which are degradable
and mostly non-xenobiotic. Biotechnology offers
various products which are based on biological
system. For example, bioplastic, biopesticides
and biofertilizers mainly contain biological
material or biological system originating
compounds. These biological based products
create less pollution during manufacturing and
also while getting degraded. Bio based products
degrade naturally in soil and water by microbial
activity and enzyme secretion. Degradation of
these products also replenishes nutrients in the
ecosystem. Thus, these bioproducts are very
helpful to maintain and regulate natural nutrient
cycling without much efforts. Environmental
Sustainability Index (ESI) provides performance
guantification of environment to detect pollution
level and progress of nation for sustainability of
the environment [3]. According to United Nations
Environment Programme sustainable
development is the development which should
provide needs of living beings without
compromising future aspects. For example,
Stockholm convention was established to control
Persistent Organic Pollutants (POPs)
applications and manufacturing. Initially it has 12
different compounds with 3 of categories
elimination,  restriction and  unintentional
production [4].

Many methods for removing and handling waste
products used during the ancient times involve
activated sludge, biosorption, bioreactor, and

composting. Many carbon-based waste is
decomposed into organic, inorganic, and
D £

Rhizobium leguminosarum
Bradyrhizobium japonicum

Thiobacillus thioxidans
Bacillus mucilaginosus

Bacillus sp.
Aspergillus sp.

xenobiotic waste. Organic waste contains
cellulose, lignocelluloses and hydrocarbon while
inorganic waste contains salts and heavy metals.
Xenobiotic compounds are foreign to the earth’s
environment and some are mostly persistent.
Sources of these waste materials are agriculture,
domestic, mining, industries, laboratories,
municipalities and hospitals [5]. Microorganisms
can use this different waste material to obtain
nutrition by degrading them. Microbes synthesize
and release various enzymes to convert complex
nutritional sources to simpler one. By catabolism
process microbes generate CO2, H20 and other
by-products. These by products are sometimes
bioplastics or biofuels. Some microbes have
antagonistic and competitive effect of other
microbes. This characteristic of microbes can be
used as biopesticides [6].

Some organisms and their cellular constituents
have an impact of environmental change. These
organisms or their constituent molecules can be
used to detect environmental change and
toxicity. These are known as biomarkers [7].
Biomarkers indicate pollution level either by
direct measurement through physiological
changes or screening of change at intracellular
level. Biobased products create no or negligible
harmful effect on ecosystem compared to
chemical or petroleum based products. Thus, this
chapter mainly emphasizes on utilization of
various waste material and microorganisms to

manufacture human utilization bio based
products which lead to development with
fulflment of needs without compromising

environment sustainability (Fig. 2).

Bacillus thuringiensis
Saccharopolyspora spinosa

Lactobacillus helveticus
Actinobacillus succinogenes

Fig. 2. Different process involved in sustainable environment management
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2. VARIOUS BIOTECHNOLOGICAL
APPROACHES FOR SUSTAINABLE
DEVELOPMENT

2.1 Bioplastic
Bioplastic is a type of plastic which is
biodegradable, synthesized from various

renewable biological sources and from by-
products of agricultural materials like starchy
portion of potato, from biomass of sugarcane,
from straw or starch of cotton. Bioplastic is a type
of plastic which is bio based [8]. Unlike
petroplastic plastics, bioplastics can be recycled
and metabolised by microbes, contributing to the
production of H20, CO? and other compounds in
the presence of oxygen, whereas CH4 production
occurs in the lack of oxygen [9]. Different types of

bio plastics are(1) Polylactide (PLA) (2)
Polyhydroxyalkanoates (PHAS) 3) Poly
(butylene succinate) (PBS) (4) Poly (p-
dioxanone) (PPDO) and (5) Poly (e-

caprolactone) (PCL) [10]. Microbes have ability
to produce bioplastic. Following Table 1 enlisted
bioplastic producing microbes.

PHA bioplastic is polymerized form of
approximately 104 monomers. Biopolymers
synthesized in microbial cells as a result of
excess amount of nutrients. Excess nutrients
remain stored in microbial cell and released
when environmental condition is favourable. PHA
is classified into small chain length PHA,
intermediate chain length PHA and large chain
length PHA, based on carbon number. The
addition of such chemical modifiers influences
the different mechanical, chemical and functional
characteristics of bioplastics. The effect of
sorbitol on bioplastics derived from soy protein
has been studied by Felix et al. [17].

There are various application aspects of
bioplastic. a-Puyana et al. [18] studied
antimicrobial property of bioplastic which is pea
plant based. In the presence of nisin which is
polycyclic peptide and produced by Lactococcus
lactis, bioplastic showed inhibition towards
Staphylococus aureus with inhibition zone of 1
mm and 3 mm for at 20 g/kg and 40g/kg of nisin
respectively. Contradictory to this, combination of
both nisin and bioplastic could not inhibit gram
negative bacterium Escherichia coli even at
higher concentration. Due to the easy
degradation of bioplastics, PLA and PGA are
used in manufacturing of medical device,
orthopaedic surgeries to replace metallic implant
which also prevent secondary surgery [19]. First
synthetic bioplastic was PGA, which is nowadays
applicable for packaging, in gas oil industrial unit
as it is mostly organic solvent insoluble. PGA
only dissolves in hexafluoroisopropanol [20].

As biopolymers have great
biodegradation,  attribute  for  sustainable
environment various microbes have been
isolated and studied for degradation. Microbes
degrade bioplastics to produce biomass.
Degradation of bioplastic takes in to two steps of
(1) hydrolytic degradation and (2) enzymatic
degradation [21]. Pseudonocardia sp. RM432,
Thermopolyspora flexuosa FTPLA,
Actinomadura keratinolytic T16-1, Saccharothrix
wayanadensis and Nonomuraea fastidiosa T9-1
were isolated for PLA bioplastic degradation.
Serine proteases were screened out from
Amycolatopsis sp. with screening of sspA and
blasé genes responsible for PLA bioplastic

advantage of

degradation [22]. Polycaprolactone can be
degraded can be degraded through
polycaprolactone depolymerase enzyme

produced by Alcaligenes faecalis [23]. Bioplastic

Table 1. List of various Bioplastic productions in quantity by microbes

Sr. Type of Bioplastic Producing Microbes Rate of Production References

no.

1. PHA Enterococcus sp. NAP 11 79.27 % [11]
Brevundimona ssp. NAC1 77.63 %
Pseudomonas sp. strain 90.9 %, 82.6 %, 91.6 % [12]
P(16) for rice bran, dates and

molasses respectively

Azotobacter vinelandiiUwD -

2. PLA Bacillus sp. X2L4 1.86 g/L/hr [13]
(Thermophilic)
Lactobacillus helveticus 35 g/L/hr [14]

3. PBS Actinobacillus succinogenes 53.2 g/L [15]
Saccharomyces cerevisiae 12.97 g/L [16]
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can be used for transport of pesticides and drugs
[24]. PLA can be used for packaging bags and
drinking cups [25]. Thus, bioplastic is great
alternative tool of petrochemical based plastic for
pollution free environment.

2.2 Biopesticides

Biological materials such as microbes, plant or
animal derived natural products and mineral
substances which are applied for pest control to
achieve disease free crop with high amount of
yield are known as biopesticides. Microbial
pesticides are mainly based on bacteria, fungi
and viruses. Bacterial biopesticides are mainly of
four types. These are spore producing,
pathogens which are obligate, potential
pathogens and pathogens which One of the most
studied and well defined entomopathogenic
bacterium is gram positive Bacillus thuringiensis.
During sporulation stage of B. thuringiensis
crystal toxin also known as cry protein or &
endotoxin is produced with other virulence
factors. These toxins are released during
bacterial vegetative phase and kill larvae of
Diptera, Lepidoptera and Coleopteran insects
upon ingestion. Cry toxin specifically bind to the
cadherins receptor of the mid gut and cause
insect death due to cell lysis and septicaemia
[26,27]. Cry toxin resistance among insects can
be developed upon mutation or dysfunction of
cadherin genes 017 [28]. Subspecies of B.
thuringiensis such as B. thuringiensis
tenebrionis, B. thuringiensis kurstaki, B.
thuringiensis aizawai and B. thuringiensis
sphaericus are also used as anentomopathogens
to control warms, nematodes, mites and insects.
Bacillus firmus which has main target of
nematodes was commercialized under name of
Bionemagon  [29].Streptomyces sp. and
Saccharopolyspora spinosa produce macrocyclic
lactone and spinosinswhich consequently having
insecticidal activity [30,31].Bacillus sphaericus
was isolated from grasshoppers, can produce
toxic protein which is intracellular SSII-1 at the
time of sporulation used for mosquito control.
From mtx gene toxic protein having molecular
weight of 100kDa is encoded [6]. Plant probiotics
can also be produced by bacteria such as
Pseudomonas chloraphis [32].

Entomopathogenic nematodes enter to the host
and release bacteria which are symbiotic to
nematodes. These bacteria release various
insecticidal toxins complex and metabolites for
reproduction facility of nematodes. Steinernema
feltiae used to control Bradysia sp., Phytomyza

vitalbae and sciarids.Phasmarhabditis
hermaphrodita and Heterorhabditis downesi are
applied to prevent disease from molluscs and
Black Vine Weevil [33].

Plants itself produce and secrete some
chemicals which protect themselves from
pathogens and insects. For example, neem olil is
present in Azadirachta indica having insecticidal
activity. Chrysanthemum cinerariaefolium
produce pyrathrin with ability of insect killing.
Abamectin  and spinosad are macrolide
chemicals produced from actinomycetes of
Streptomyces avermitilis and Saccharopolyspora
spinosa with biopesticide activity [34]. In plant
incorporated biopesticide plants are genetically
modified or engineered so that they can produce
insecticidal substances by their own. For
illustration, genetically modified plant was
created with B. thuringiensis to prevent against
insects and ballworms [35]. According to
Environmental Protection Agency (EPA) risk of
genetically modified crops an be associated with
humans and animals, due to some allergic
reactions.

2.3 Biomining

Biomining is the extraction of metals which are
very demanding and have economic
implementations, using microorganisms like
bacteria and fungi from mine waste or materials
of rock ores. Biomining is one of the clean-up
strategy for making environment unpolluted.
Stable as well as unstable both metals can be
recovered through biomining [36]. Thermophilic
microbes which can survive at high temperature,
heterotrophic microbes which can utilize organic
carbon, chemolithotrophic and acidophilic
microbes which are survival of acidic pH are
most commonly used for biomining of copper,
uranium and gold metals. In bacterial genera
Leptospirillum which can do both functions of
bioleaching and biooxidation and Thermobacillus
are most widely wused [37]. Thiobacillus
ferroxidans which are moderate thermophiles
can survive at optimum temperature range of 70
to 75 °C, oxidize Fe?* to Fe®* and sulphur also.
Thiobacillus  ferroxidans and  Thiobacillus
thiooxidans both can effectively mine metals as
consortium than single inoculants.

2.4 Biofuels

In the hierarchical organization of waste
reduction management, the recycling of fuel from
different waste products plays a crucial role in
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supporting the challenges of sanitation, climate
and human health created by dumping.. Energy
from waste (EfW) techniques provide the choice
for a usually useful connection among one of a
kind charges for the reusing of herbal waste, for
example, wastewater slop, ranch squander,
animal waste, meals squander and metropolitan
sturdy waste for feasible strength use on this way
lowering the degree of squanders created for the
duration of the world. Such herbal waste ensures
the accessibility of carbon belongings for
strength advent as biofuels [38].

3. VARIOUS SOURCES OF GENERATING
BIOFUELS

3.1 Wastewater Sludge from Various
Industries and Urban Area

Treatment or management of wastewater sludge
is a serious hurdle given its broad scale, high
water content, and lead to unhealthy (e.g.,
bacteria, heavy metals, etc.). Primary and
secondary treated wastes are the primary
sources of sludge considered for Biofuels. The
primary treatment is primary removal or
absorption of the dissolved particles The primary
treatment is to concentrate organic substances
and inorganic particles to a concentration of 2.5-
7% where 30-70% of total dissolved solids are
collected with an average solid output of 0.1 to
0.3 kg / m3 wastewater. The density of volatile
suspended solids (VSS) is usually between 65%
and 90% [39]. Secondary treatment is based on
biological  treatment, which involves a
combination of aeration, bacterial absorption,
which secondary optimisation by sinking excess
solids (i.e. secondary sediment).

3.2 Animal Manure Decomposition

For enhanced soil enhancement, animal manure
has been used as an important alternative. The
agricultural  requirements of crops and
transportation costs, which limit the dangerous
use of chemical fertilizers, are factors that affect
the use of fertilizer. Alternatives include breaking
down of the application of manure, reducing the
nutrient content of manure, reducing the
production of manure and/or finding alternative
uses for manure as biofuels [40,41].

4. BIOTECHNOLOGIES = APPROACHES
FOR BIOFUELS AS SUSTAINABLE
WASTE MANAGEMENT

On account of significant farming practices, the
number and varieties of homestead squander

material are ascending to expand food creation.
improper administration of farming waste
materials is presently turning into a difficulty as
ruined waste rural biomass radiates gas and
debilitating, associated open intense by ranchers
to clear the land creates carbonic acid gas and
alternative natural toxins that result in an Earth-
wide temperature boost, water and soll
befoulment and ecological contamination.
farming waste that's essentially dry like straw,
which is filthy, is used creature slime. Eco-
accommodating developments are expected to
safeguard our reality to continue the present
amount. during this activity, biotechnology
assumes a basic job, but complete endeavors
are needed internationally [42].

4.1 Biofertilizer

Plants supplements are fundamental for the
creation of yields and solid nourishment for the
world's consistently expanding populace. For the
most portions, soil board systems rely mainly on
manures based on inorganic substances that
cause a real hazard to human and the
environment. Organic fertilizers have been
identified as prospective for expanding soil
quality and harvesting to promote sustainability.
The use of soil microbes as bio-fertilizers has
become of major importance in the farming
sector, considering their significant role in food
safety and crop yield development.

Biofertilizer could be a key aspect of the chiefs’
joint upgrades. Consolidate microorganisms
usually used as bio-manure sections; solubilizers
of nitrogen, potassium, phosphorus and zinc,
advancing rhizobacteria, endo- and ecto-
mycorrhizal growths, cyanobacteria, and various
phytoplanktons. In the abiotic and biotic parts,
the use of bio-manure activates advanced dietary
supplements and water take-up, plant
enhancement and plant protection. These
potential natural fertilizers can play a key role in
crop yield and configurability, as well as in soil
sustainability as an environmentally sustainable
and practical contribution for agriculture [43].

4.2 Animal Manure

Livestock compost has been used worldwide for
generations as an effective nutrient for
agricultural production. The rise in organic
manure and excretions in fields is due to the
growing population of the world that needs bigger
supplies of crop vyields. These treated the
manure area unit moneyed in natural issue and
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contain essential supplements, for instance, gas,
and phosphorus that might be used as composts
for high-profitability agricultural things and
unequalled productivity. The board of those
creature byproducts is big, as they will have long
run unfriendly impacts on soil structure [44]. This
is during this manner essential to determine the
upsides of utilizing excretory product as a natural
compost, and inquiries regarding the drawn out
utilization of such natural plant food. Utilize skilful
organisms or biofertilizers to develop crops on
yard changes was likewise found to perform
higher correlation than soils treated with
designed manure following a three-month
development amount.

Because of the nutritional assets in the manure
which encourage bacterial growth in the soll
environment, the use of solid pig and dairy waste
also could boost microbial communities
throughout growing period. The proliferation of
these beneficial bacteria may respond to plant
health and organic matter oxidation through the
degradation of complex compound and the
subsequent development of antibiotics somewhat
as a-product. This demonstrates the ability of
livestock dung to encourage the number of
microorganisms communities to help plant
production, pollutant destruction and biodiversity
conservation [45].

4.3 Sewage Sludge Waste

For a living species, phosphorus is a
considerable complement that will impact crop
productivity by its lack of rural production. The
phosphorus wellspring comes from phosphate
rocks with non-renewable energy and that is the
reason why phosphorus substances should be
sufficiently reused to preserve the assets to
survive an expanding total population. In
comparison to a few other unfortunate
substances, sewage ooze is among the natural
waste which causes a big phosphorus
concentration [46,47]. Sewage ooze has notable
agribusiness characteristics with a higher
nitrogen and phosphorus level that can boost soll
microbial population, soil compounds, and soll
humus due to degradation of natural content [48].
In addition, the application drawn up had the
option of endorsing the chemical science and
microbiological properties of rural soil, but
nevertheless prompted conductor and Zn
declarations in the soil while not upgrading them.

4.4 Food Waste Composting

The expansion of the world network has
contributed to the expansion of food admission

and food squandering. Better living standards in
non-industrial nations also lead to more
squandered food being processed to address
food security challenges. Disposal of transient
agricultural goods, homegrown food waste and
waste from food processing companies dumped
in landfills provided the vast majority of the food
squandering. Compost has been utilized as
manures, reused soil natural upgrades and
numerous other farming exercises. Fertilizing the
soil olive waste as natural compost will improve
the nature of the dirt and furthermore limit ozone
harming substance outflows. These results
indicate that the agronomic expertise of fertiliser
updated soil demonstrates additional soil benefits
and can increase crop production and vyield. In
view of the fact that it can turn biodegradable
waste into useful manure goods and can be used
as a feasible recovery of recyclable waste,
natural-based rural compost developments are
highly intriguing [49].

4.5 Environmental Impact of Fertilizers
and Biofertilizers

In view of their guarantee, different forms of
biofertilizers are being supplied as a considerably
more biologically manageable, open and safe
alternative for inorganic composts. Biofertilizers
play a major role in enhancing the protection of
the soil and the effectiveness of the crop.
Mycorrhiza, for example, a form of organism
occurring in soils much of the time, may assist in
the entry of plant phosphorus, enhance the
opposition of root microorganisms and improve
crop safety from ecological and natural
pressures. This fungal system has the
ability to propagate nutritional collection across a
large area and withstand harsh environments
[50].

4.6 Economic Potential of Biowaste
Conversion to Fertilizer

An economic study found that the energy intake
of chemical fertilizers is the largest portion of
total energy intakes due to the ineffective usage
of the fertilizer in such a way that farmers prefer
to consume more fertilizers than required [51]. To
resolve the health and environmental issues
associated with the improper use of these
Developing more effective processing methods is
crucial to allowing the valuable substances that
can be extracted from such biomass waste to be
used properly and understanding the economic
feasibility of bio-products through biowaste.
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4.7 Biomarker

Increase in human population day by day also
increases their demand and facility. To meet their
requirement development needs more progress
in less time. To fulfil these criteria various
chemical based things take place in daily routine.
Use of various chemicals and chemicals, based
products increase amount of Xxenobiotic
compounds. Presence of various chemicals
above their acceptance level creates pollution
and toxicity to both living beings and
environment.

Other biomarkers are also used at field level. For
example, chlorophyll content of Zea mays L. is
used to quantify hydrocarbon in agricultural
sectors [52]. Oil spilling can be detected by
Azotobacter sp. in aquatic bodies [53]. Various
omics approaches like genomics,
transcriptomics, proteomics and metabolomics
can also be used to detect presence and effect of
various pollutants in environment. Presence of
pollutant affects microbes present in soil, water
and air. Affected microbes shows different type
of pattern of nucleic acid, different quality and
guantity of proteins and metabolites. Different
fingerprint expression pattern of genes and RNA
can also be used for monitoring of environmental
risks [54].

A number of significant obstacles stand in the
way of sustainable development for nations,

particularly  developing ones. Inadequate
governance, unstable regimes, military wars,
growing inequality, slow economic growth,

environmental degradation, climate change, and
food insecurity are a few of these. Developments
in biotechnology support ecological
restoration, environmental preservation, and
sustainable resource management. Cooperation
between nations and organizations is essential
for knowledge exchange and giving emerging
countries technical and financial support [55-57].

Zero hunger, excellent health and well-being,
gender equality, clean water and sanitation,
affordable and clean energy, sustainable and
green industry, innovation and infrastructure,
responsible consumption and production, climate
action, life below water, life on land, and
partnerships for the goals are just a few of the
sustainable development goals (SDG) targets
that biotechnology can help achieve. Of course,
this will have a beneficial indirect effect on the
other aims. Thus, the continued application and
improvement of green biotechnology techniques

is crucial to the survival of the human race on
Earth [58].

5. CONCLUSION

As chemical based products are harmful and
pollution creating to the environment and living
system, biobased products are proven to be
successful as an alternate option which can also
full  fil demand without compromising
development process. By screening of microbial
ability, their characteristics and application
criteria one can apply selected and identified
microbes to produce bioplastic, to recover metal,
to generate electricity, as biopesticide or as
biofertilizer. There are some limitations and
challenges are still associated with bio based
products. For example, toxins related to
biopesticides have different effect from species
to species of insects. Bioplastics have limitation
of thermal resistance. Successful
commercialization with proper knowledge of
application should be counted with bio based
products research. Bio based generated
products should be of high quality, should not
prove to be toxic for living beings, should not
create pollution for environment, must be cost
effective and should be efficient to withstand with
environmental  changes. By  overcoming
limitations and through regulation guidelines one
can select and apply biobased products without
compromising environment sustainability. The
international community, which consists of
nations, governments, and organizations, should
work together to share best practices, expertise,
and experiences while also offering developing
nations financial and technical support. At the
moment,

The SDGs must be deeply incorporated into
strategies and policies for national growth, to
make substantial progress in reaching the SDGs,
tackling world issues and promoting an inclusive,
sustainable future for all.
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