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Chapter

Food Waste and Agro By-Products:
A Step towards Food Sustainability

Ajita Tiwari and Roshna Khawas

Abstract

Utilization of food/agricultural waste is having challenge and necessity in day
to day life. It’s an important aspect for all the industries (food) for the process of
modification and recovery. The main aim is to minimize deterioration and maxi-
mize utilization of food which will lead to less problems in waste management
and environment pollution. In some of the meat packaging and food processing
industries, waste utilization treatment has been implemented for successful and
substantial processing. In need of growing demands of high nutritive and cheap
price foods, requirements are getting high simultaneously with increasing world
population. So, there is urgent need of nutrient recovery from wasted utilization
and sources of food/feed will help to reduce the shortage of world food supplies to
the coming generation.

Keywords: Innovation, agro by products, food waste utilization

1. Introduction

The organic waste generated during different unit operation from various
sources including commercial and domestic kitchens, food processing plants,
restaurants and cafeterias. According to FAO [1], in the food supply chain approxi-
mately 1.3 billion tonnes of vegetables, meat, fruits bakery, dairy and other food
products are lost [2]. In Asian countries nearly every year amount of food waste
(FW) could rise from 278 to 416 million tonnes from 2005 to 2025.

Kitchen and yard waste are the primary source of municipal solid waste (MSW).
This waste can be further utilized for converting into useful products/energy
generation at very low-cost rather than dumping and landfilling [3].

The process may attribute towards environmental and economic factors, such as
capacity of municipal landfill; price associated with transportation of waste materi-
als and landfilling; rules and regulation adoption for environment protection; less
utilization of commercial fertilizers; more recycling of household waste and quality
improvement of compost products [4]. Composting FW reduces the waste volume,
kills pathogens, decreases weed germination in agricultural fields, and destroys
malodorous compounds [5]. In concept of agriculture (organic), organic-grade
agricultural waste compost gaining popularity due of its advantage on physical,
biological, and chemical soil properties of soil [6]. Various food industries pro-
duced a large number of by-products or wastes which cause a serious disposable
problem with the environment. Approximately 1.3 billion tonnes of food per year
[7] for human consumption is lost or wasted globally. As the food production is
resource-intensive, food wastes and losses are indirectly accompanied by impacts
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of environment, such as erosion of soil, deforestation, air and water pollution, as
well as greenhouse gas emissions that occur in the processes of food production,
storage, transportation, and waste management [8]. Domestic households gener-
ate the largest food-waste faction in the food supply chain [9]. As the food waste
amount occurring high on the household level, in the food supply chain at the final
stages, prevention must be taken at utmost importance to help prevent further
climate change for food waste [10]. Recognition of appropriate management of
waste has been implemented as essential prerequisite for sustainable development
[11]. Historically, in the context of urban, removing potentially harmful substances
or materials away from human settlements was the main focus of public waste
management [12]. Increase in waste generation due to environmental, social and
financial implications of unsustainable use of raw materials in the short and long
term [13] waste management began to shift from a mere pollution prevention and
control exercise, towards a more holistic approach.

This chapter presents the reasons for consumer food waste in a systematic,
causes, replicable, systematic and transparent way. In this chapter it is reviewed
and analyzed the observation collected from different studies which is carried out
on the factors promoting or impending on consumer food waste. Food waste is
generated when the unprocessed food is converted to suitable form for the human
consumption, during the period of conversion of food it may lost, contaminated,
discharged and degraded leading to the production of food waste. Nowadays
waste management and its control are a great challenge from collection point to
disposal unit and identifying of sustainable approach to solve the problem of
waste management caused by the agricultural and industrial sectors, food sup-
ply chains and as well as retailers and final consumers. Some useful products
for industrial purposes like biofuels or biopolymers are produced from the food
waste. Fixation of carbon by composting and nutrients recovery can also be
achieved and the final left out waste should be used as minimum desirable options
for incineration and landfilling. The chapter reviews to provide an overview
on food waste definitions, generation and reduction strategies, and conversion
technologies emerging.

2. Food waste and agro by-products

Food wastes are usually organic residues produced by the processing of raw
materials into food. Waste is characterized as a product that do not add value to a
product whereas by-product is a secondary product obtained as a result of manu-
facturing of the main product, often with a market value. Many by-products require
further processing before sale [14].

So, the wastes could be considered valuable by-product if appropriate techni-
cal means are available to generate value which exceeds the cost of reprocessing.
Residues in this case cannot be considered as wastes but becomes a product of
higher value. Utilization of food processing residues offer potential of converting
these by-products to beneficial uses [15].

3. Agro by-products

Agro by-products or agro residues are mainly obtained from agricultural pro-
duction, harvesting, and processing in farm areas and from agricultural processing
industries such as oilseed extraction, brewery, malt production, cereal grain mill-
ing, fruit and vegetable processing. These by-products hold tremendous potential
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source of protein supply for animal feed and can also be converted to biofuels,
bioenergy and other products in a way that produces economic value.

3.1 Types of agro by-products

The agro by-products derived from various crops play a significant role in animal
nourishment. These by-products are of various types and can be classified into
different groups, such as by-products from fruit and vegetable processing industry,
crop waste and residue, by-products from sugar, starch and confectionary industry,
by-products from distilleries and breweries, by-products from grain and legume
milling industry, and oil industry. The handling and technologies used for process-
ing of by-products are generally based on their type [16].

3.2 Value addition of agro by-products

Adding value to agricultural by-product makes it more desirable and enhances
their economic value. Crop residue or agro by-products usually represent relatively
high amounts of cellulosic material that could be returned to the soil for its future
enrichment in carbon and nutrients or could be made available for further conver-
sion to biofuels, bioenergy and other products. Such agricultural by-products can
play an important role in triggering the transition of sustainable energy. There are
many economic benefits that can be obtained through value-addition to agricultural
by-products. These benefits include enhancing the resource use efficiency of agri-
cultural production, increasing farm incomes and reducing the costs of production
and thus increasing the profitability of farming, producing novel products, creating
jobs, minimizing the disposal of the by-products into the environment to ensure
improvement in environment quality [17].

3.3 Utilization of agro by-products

Earlier these agro residues were treated as waste by agriculturists and used
to disposed into the surrounding environment causing pollution. However, they
realized the significance of these by-products and the invulnerable costs of animal
feed and fertilizers, and harmful impact to the environment and started to utilize it
as animal feed. The use of crop residues is a good way of discarding materials that
could otherwise be a potential health and environmental hazard. Agro by-products
plays an important role in improving the nutritional status of various forms of
rations and feeds of livestock as these by-products contain numerous amounts
of macro and micro nutrients that are necessary for body growth and productiv-
ity [18]. There are several ways of utilizing agricultural by-products as feed for
livestock, a source of fuel, and as inputs into agricultural production and rural
industries [17]. The increased utilization of agricultural by-products can provide a
sustainable basis for small and medium industries in a rural area and stimulate rural
economic development. Harnessing crop residues as manure and bio-fertilizers,
and as raw materials for producing energy and consumer products, can expand the
profitability of agricultural enterprises, improve the quality of the environment and
enhance energy security [19].

4. The global food supply chain: food losses and waste

The global food waste challenge concerns about over escalating emissions of
Green House Gas and other impacts of environment associated with food waste [20],
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Waste prevention and waste management.

as a priority waste stream, food waste is identified by growing number of policies
(national and regional) [21-23]. In high range the food amount wasted in the global
food supply chain (FSC) that could have otherwise been used to feed people food
security is constantly pressing global issue and raises questions about it [24].

4.1 The waste hierarchy

The aim of the waste hierarchy is to recognize the problem and to generate
the suitable environment friendly product from the waste. As shown in Figure 1,
‘prevention’ is the most favorable and disposal is the least favorable activity in the
waste management ‘pyramid’. It has been advised to consider the social and eco-
nomic impacts as well as the environmental, the waste hierarchy, as a framework,
primarily focuses on delivering the best environmental option by the European
Waste Framework Directive (European Parliament Council, 2008).

5. Concepts in waste management and sustainability
An overview of these concepts is provided in the sections below:

5.1 Sustainable production and consumption

According to the United Nations Environmental Program [25] Sustainable
Consumption and Production (SCP) defines “production and use of goods and
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services that respond to basic needs and bring a better quality of life, while mini-
mizing the use of natural resources, toxic materials and emissions of waste and pol-
lutants over the life cycle, so as not to jeopardize the needs of future generations”.
In this context, the SCP is seen to approach strategy implementing for achieving
sustainable development, economy encompassing, environment and society with
the use of both social innovation and technologies.

Framework of SCP policies includes growth of economy without damaging
environment, fulfilling basic human requirements, and avert the rebound effect.
SCP illustrate the phenomenon of negative impacts from growing consumption
outweigh and the benefits of efficient and improved technologies. It is an integrated
approach, involves both the supply and demand (goods and services), by reduc-
ing the adverse situation of production and consumption [26]. On the sustainable
production side, some examples are prevention from pollution, cleaner produc-
tion, efficient for ecosystem, and productivity towards greenery [27]. SCP on the
consumption side, connects product and the producer with the consumer, allowing
more sustainable choices to be made. Some traditional examples are eco-labeling,
management in supply chain, minimization in waste, recycling, sustainable pro-
curement and resource efficiency measures [28].

5.2 Avoidable and unavoidable food waste

WRAP defines avoidable food waste as food no longer wanted, thrown away.
Avoidable food is composed of material that was, edible, at some point prior to
disposal, even though a proportion is not edible at the time of disposal due to
deterioration.

Avoidable food waste includes foods or parts of food that are considered edible
by the vast majority of people. Unavoidable food waste is described as waste arising
from food that is not, and has not been, edible under normal circumstances. This
includes parts of foods such as fruit skin, apple cores and meat bones.

5.3 Waste prevention and waste management

Sinclair Knight Merz Enviros (SKM Enviros) explains waste prevention are the
activities that avoids generation of waste, for instance, food surplus reduction, whereas
waste management as shown in Figure 1, includes the activities which deals with food
waste once it has been generated, such as composting and anaerobic digestion.

6. Fermentation processes

Chemical transformation of product into value added products is the process
known as Fermentation which is one of the oldest methods used for product
transformation through microorganisms. Fermentation processes are mostly done
in three types/methods such as solid state, sub merged and liquid fermentation.
Selections of the fermentation process are product specific. To obtained bioactive
compounds of industrial interest from various substrates such as wastes, solid state
and sub-merged fermentation processes are used [29].

6.1 Solid state fermentation
Solid-state fermentation (SSF) is the fermentation procedure in which develop-

ment of microorganisms takes place on solid substrates in the absence of open
liquid [30]. It focuses to attain the maximum nutrient attention from the substrate
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for fermentation by using the microbes such as fungi or bacteria. SSF further clas-
sified on the basis of seed culture used for fermentation is pure or mixed. In pure
culture SSF, specific strains are used whereas, in with the mixed culture, different
types of microorganisms are used for fermentation.

6.2 Sub merged/liquid fermentation

Submerged fermentation (SmF) is the type of fermentation in which the sub-
strate is liquefied or put off in a water source. In industrial processes for high yield,
low cost, and contamination SmF is mostly used. However, SmF has some disad-
vantages like physical space and energy or water requirements etc. [31]. Because of
some advantageous SmF produced enzymes has been used over past of century as
compared to SSF. Ease of process control and sterilization this fermentation process
is easier to plan by researchers [32]. Pectinase, an enzyme production from fungi
has been described by Favela-Tores et al. [33] using SmF. Pectinases are a gathering
of related proteins engaged with the breakdown of pectin from an assortment of
plants. Pectinases have various commercial as well as industrial importance.

6.3 Uses of fermentation for the production of bioactive/value added
compounds

To elevate functional and nutritional values of the substrate to large extent SSF
is a remarkable tool [34, 35]. For solid state fermentation several types of solid sub-
strates generated from agro waste have been used which is contains of high nutritive
value in terms of proteins, fibers, and minerals, respectively [36].
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Figure 2 shows the outline of food industries waste through fermentation for
production of various bioactive compounds. Real fact is that in human as well as
animal diet these macro and micro molecules have tremendous value, therefore
solid-state fermentation is an effective approach to improve their digestibility and
bioavailability [37, 38]. Functional properties are the significant properties that
define the pivotal phenomena of food, which are essentially used in food applica-
tion [39, 40]. Also, the functional properties of food are always correlated with
intrinsic components such as fats, proteins and starch, respectively.

From processing setups of the agro-industry especially the food industry
produces a huge volume of wastes that are generally obtained [41]. The composi-
tion, quantity, and quality of wastes depend on the raw materials as well as the
processing steps. Different type of wastes like date syrup, wheat straw, orange peel,
and bran, rice straw and bran, banana, sugarcane bagasse and potato peel, soybean
waste, apple pomace, oil press cakes, dairy waste, marine waste, brewery waste,
food waste, etc. are produced by various types of food industries. Appropriate
applications i.e., fermentations used for biotransformation of these wastes into
valuable products having low cost and high nutritive value. Undeniably, use of
wastes not only excludes the dumping problems but also resolves the pollution-
related problems. Therefore, extra governing endorsements, as well as principal
funds, are essential to bring these value-added products in the commercial market.
The valorization of agro-industrial by-products to beneficial substances may not
only provide future dimension to researchers but also decrease the existing environ-
mental hazards.

7. Technologies for renewable energy generation from food/agricultural
waste

Currently in many countries food waste are incinerated together with other
combustible municipal wastes or landfilled for possible recovery of energy.
However, due to these two approaches environment and economy of the countries
are more stressed. Due to its composition of organic and nutrient-rich content,
theoretically FW can be utilized as a useful resource for biofuel production through
various processes of fermentation. It has attracted increasing interest in the produc-
tion of biogas, hydrogen, ethanol and biodiesel as final products. Therefore, this
section reviews all the food waste fermentation technologies for renewable energy
generation.

7.1 Production of ethanol

The rapid global demand for the for the ethanol which has wide application in
industries is increasing day by day. The main purpose of ethanol is to produce eth-
ylene which is the main raw materials for the production of polyethylene and other
plastics that is the reason for the high demand i.e. more than 140 million tonnes per
year. Even the bioethanol has gained interest that is produced from cheap feed-
stocks [42, 43]. The source of bioethanol is the waste from starch and cellulose rich
crops, e.g. sugar cane, rice and potato [44]. With the help fermentation in presence
of Saccharomyces cerevisiae starch undergo breakdown resulted in the conversion
of glucose by commercial enzymes and finally production of ethanol. In case of
cellulose the breakdown due to hydrolysis is more difficult. If the FW contain large
number of cellulose feedstocks than hydrolysis will become difficult, that is why,
for the production of ethanol use of abundant and cheap wastes such as municipal,
lignocellulosic and food waste has been explored as alternative substrates [45, 46].
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7.2 Production of hydrogen

Hydrogen in the form of compressed gas gives high energy yield (142.35 kJ/g)
which can also be produced from FW. The production of hydrogen is associate with
the food waste containing higher amount of carbohydrate. The production rate of
0.9 to 8.35 mol H,/mol hexose is generated from thee food waste according to recent
studies [47]. The production of H, is influenced by many factors such as process
configurations, pre-treatments and the composition of FW.

7.3 Production of methane

Methane is used as a fuel for ovens, homes, water heaters, automobiles,
turbines, and other things. Because of its low cost, the production of methane
via anaerobic processes is a good approach for management of waste,
low production of residual waste and its utilization as a renewable energy source
[48, 49]. In addition to biogas, a nutrient-rich digestate produced can also be
used as soil conditioner or fertilizer. [50] investigated two-stage anaerobic diges-
tion of fruit and vegetable wastes, in which 95.1% volatile solids (VS) conversion
with a methane yield of 530 mL/g VS was achieved. [51] FW was converted to
methane using a 5-L continuous digester fed with an organic loading rate (OLR)
of 7.9 kg VS/m’, resulting 70% VS conversion with a methane yield of 440 mL/g
VS. [52] the methane production capacities of about 54 different fruit and
vegetable wastes ranged from 180 to 732 mL/g VS depending on the origin
of wastes.

7.4 Production of biodiesel

Biodiesel is synthesized through direct transesterification/acid catalyst using
alkaline FW converted to fatty acids and biodiesel via various oleaginous microor-
ganisms [53-56]. Many yeast strains produce microbial oil and then it can be used as
the substitute of plant oils due to their similar fatty acid compositions. It also can be
used as raw material for the production of biodiesel [57]. It has been found that the
potential of FW hydrolyzate as culture medium and nutrient source in microalgae
cultivation contributes for production of biodiesel [58].

In terms of prevention and concern towards economic and environment,
management of FWs is utmost urgent and important to be implemented. The
bioconversion of FW is economically viable for the conversion of biodiesel, etha-
nol, hydrogen, and methane. However, problems associated with FW in terms of
transportation/collection should also be monitored. Nevertheless, the low or no cost
of food waste along with the environmental benefits considering the waste disposal
would balance the initial high capital costs of the biorefineries.

7.5 Production of bioactive compounds by fermentation of food waste

Bioactive and compounds are the two words which gives the term “Bioactive
compounds”. Scientifically, the meaning of this term is several molecules that have
some biological activity.

These compounds are naturally present lesser content in plants and food stuffs,
they are phytochemicals [59] and potentially able to growth in metabolism for the
betterment of human health. Bioactive compounds are extremely heterogeneous
class of compounds includes plant growth factors, alkaloids, mycotoxins, food-
grade pigments, antibiotics, flavonoids and phenolic acids etc. with dissimilar
chemical structures (hydrophilic or lipophilic), specific to ubiquitous distribution
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in nature, significant amount present in foods and in human body, efficient against
oxidative species and possess the potential biological action [60, 61].

Through various food industries a large number of by-products or wastes are
produced worldwide due to which it leads to environmental degradation. So,
nowadays many approaches and new techniques are introduced for the use of the
wastes, because these by-products are an excellent source of various bioactive com-
ponents and beneficiary for human health. The composition of these wastes mainly
depends on the waste source/type. Approximately half of the waste produced from
food processing factories is lignocellulosic in nature. The dissimilar types of waste
produced by food industries can be fortified by various processes. One of the oldest
approaches is fermentation and carried out in three types of processes, that are
carried out such as solid state, submerged and liquid fermentation used for product
transformation into value added products through microorganisms [34].

8. Future perspectives

Agricultural industries generate a huge amount of wastes and by-products
during production, handling and processing of agricultural products. Disposal of
these wastes has a serious financial and ecological concern due to its detrimental
environmental effects [62]. Therefore, to discover alternative methods of recycling
and reprocessing of these wastes is a significant target taken into consideration
globally. These wastes and by-products represent huge potential which have not
been fully exploited, causing a loss of economic opportunity. There is thus need to
identify the reasons for underutilization of agricultural by-products so that they can
be addressed through suitable strategies and policy interventions. Part of the reason
for the underutilization of agricultural by-products is due to lack of awareness about
their properties and potential economic benefits. Proper research and studies need
to be carried out on assimilating different value-added product manufacturing
process. Value addition of by-products generates economic value as it facilitates the
process of economic diversification by opening up new agricultural market and
providing alternatives to low-cost commodity production, by offering new perspec-
tives for the management of resources and by providing economic opportunities and
environmental benefits. Markets for agricultural by-products are essential for their
commercialization, value addition and efficient utilization. The lack of markets for
the by-products restricts the use of crop residue to produce biofuels. So, there is a
need to establish markets and to keep operational expenses of its value addition low
enough to encourage the production and utilization of value-added products. These
by-products also represent potential solutions to the problems of animal nutrition.
Technologies needs to be developed for better utilization considering factors, such as
characteristics of individual wastes and the environment in which they are pro-
duced, reprocessed and utilizied, such technologies need to convey products that are
safe not only for animal feed use, but also from the point of view of human feeding.

The proper utilization of agricultural wastes and by-products has the potential
to support entire industries, increase income and valuable employment oppor-
tunities, develop rural areas and solve the problem of waste and environmental
pollution.

9. Conclusion

The world Population is increasing rapidly with the decreasing trend of natural
resources are at the same time. Raising concerns over the security of global food
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due to the disparity between food wastage and food poverty, highlights the moral
and social food waste dimensions. This chapter suggests that the first step towards a
more sustainable resolution of the growing food waste issue is to adopt a sustainable
production and consumption approach and tackle food surplus. The distinction
between food surplus and food waste on one hand, and avoidable and unavoidable
food waste on the other, are crucial in the process of identifying the most appro-
priate options for addressing the food waste challenge. This study proposes the

food waste hierarchy as a framework to identify and prioritize the options for the
minimization and management of food surplus and waste throughout the food sup-
ply chain. The proposed food waste hierarchy aims to challenge the current waste
management approach to food waste, contribute to the debate about waste manage-
ment and food security, and influence the current academic thinking and policies
on waste and food to support more sustainable and holistic solutions.

Preventing food waste in agriculture and food processing requires improved
infrastructure and technological solutions in harvesting, storage, transport and
distribution, supported by large-scale investment and local policies. Waste manage-
ment policies should be integrated and aligned with the wider policies on food,
agriculture, food standards, food poverty alleviation and sustainable production
and consumption.
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