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Establishing of a bio-based and green society depends on the availability of inexpensive organic carbon
compounds, which can be converted by microbes into various valuable products. Around 3.7 x 10° t of
agricultural residues and 1.3 x 10° t of food residues occur annually worldwide. This enormous amount
of organic material is basically considered as waste and incinerated, anaerobically digested or com-
posted for the production of heat, power or fertilizers. However, organic residues can be used as nutrient
sources in biotechnological processes. For example, organic residues can be hydrolyzed to glucose, amino
acids and phosphate by chemical and/or biological methods, which are utilizable as nutrients by many
microbes. This approach paves the way toward the establishment of a bio-based economy and an effec-
tive organic residues valorization for the formation of bio-based chemicals and materials. In this review,
valorization of organic residues in biotechnological processes is presented. The focus is on the production
of three industrially important added value chemicals, namely succinic acid, lactic acid and fatty acid-
based plasticizer, which have been used for the synthesis of environmentally benign materials and food
supplements. Furthermore, utilization strategies of residues coming from fruit and vegetable processing

are introduced.
© 2015 Elsevier B.V. All rights reserved.
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1. Introduction

Due to the finiteness and environmental impacts of fossil oil,
bio-based chemicals have been considered as sustainable alter-
natives to petroleum-based chemicals in chemical reactions. It is
particularly the diversity of biochemical pathways of microbes that
allows the biotechnological production of a wide range of industri-
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ally relevant bio-based chemicals [1]. The cost-efficient realization
of biotechnological processes depends on the presence of inexpen-
sive nutrients, to be used as carbon, nitrogen and phosphate sources
for microbes[2]. Pure nutrients (e.g., glucose,amino acids and phos-
phate), however, are expensive and make most of the developed
biotechnological processes economically unfeasible.

It was estimated that 3.7 x 10°t of agricultural residues is
produced annually as by-products by agricultural industries world-
wide [3]. Agricultural residues consist of around 40% cellulose,
30% hemicellulose, 20% lignin, 5% proteins and 5% minerals [4]. In
total, it was estimated that 1376 x 10° t cellulose and 848 x 106 t
hemicellulose occur globally every year [3]. Due to the recalci-
trant structure of agricultural residues, tough processes, such as
hydrothermal treatment or chemical hydrolysis in combination
with the use of enzymes are needed for depolymerization and sugar
recovery. The released C5- and C6-sugars can then be used as car-
bon sources in biotechnological processes [5-9]. Furthermore, it
was estimated that one third of the food produced globally for
human consumption is wasted every year. The overall amount of
food wasted corresponds to around 1.3 x 10t [10,11]. A compo-
sition of 30-60% starch, 5-10% proteins and 10-40% (w/w) lipids
constitutes food residues a promising feedstock in biotechnolog-
ical processes [12-14]. Recovery of nutrients from food residues
in the form of carbon, nitrogen and phosphorous compounds can
be performed by chemical and biological/enzymatic methods after
solubilization of the waste matter [15-19]. Even though the tech-
nologies for organic residues valorization are known, the potential
of organic residues as nutrient sources in biotechnological process
for the establishment of a bio-based economy has not been fully
exploited.
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The concept of circular economy considers the reuse and recy-
cling of any types of waste. In this aspect, the utilization of organic
residues in biotechnological process for the production of value
added chemicals would enable an application of the circular econ-
omy concept on organic waste management and contribute to the
development of a bio-based economy. Within the circular economy,
the cascading use of biomass is particularly important, as it consid-
ers the production of food and feed prior to material and energetic
usage [20].

The current options for the valorization of waste organic
residues are shown in Table 1. The options range from the produc-
tion of antioxidants, flavonoids, enzymes and proteins, fatty acid
methyl esters, glycerol and erucic acid from fruits and vegetables,
animal waste, meat and derivatives, waste oil and dairy products
[21-23]. Lignocellulosic biomass has also been used for the produc-
tion of various compounds, such as phytosterols, polypropylene,
acrylic acid and esters [23]. Furthermore, lignin has been used as
substrate for the production of polyhydroxyalkonates and adipic
acid [24,25]. It should be indicated here that the metabolic versatil-
ity of microbes enables the fermentative production of a wide range
of products. Fig. 1 shows relevant industrial metabolites obtain-
able via fermentative processes [ 1]. The products range from amino
acids, such as aspartate and lysine, carboxylic and dicarboxylic
acids, such as lactic acid and succinic acid, and polyhydroxyalka-
noates. Furthermore, microorganisms are able to synthesize long
carbon chains in form of fatty acids. It should be admitted that the
metabolic versatility of microbes opens not only the door to the
development of biotechnological processes for the production of
value-added chemicals, but also to innovative treatment strategies
of organic residues.
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Fig. 1. Industrially relevant metabolites obtainable via fermentative processes [1].
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