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Introduction
Food and beverage production is an industry with the main raw 

materials generally obtained from plant and animal sources and the 
industry has always aimed to convert these raw materials to a value 
added products. During this conversion processes, voluminous and 
serious amounts of food wastes and by-products are generated. 
Unfortunately, one-third of the global food production is wasted 
worldwide every year [1]. Vandermeersch et al. [2] explained the 
effects of such a high amount of food waste generation considering 
there different approaches, for instance crop losses during harvest 
or storage (economic), hunger in low-income countries (social), and 
the deprivation of natural resources without accomplishing its final 
purpose (environmental). FAO [3] reported seriously worrisome 
findings about food wastes, for example every year, consumers in 
rich countries waste almost as much food (222 million tonnes) as 
the entire net food production of sub-Saharan Africa (230 million 
tonnes). Memon [4], Sakai et al. [5] suggested 3R’s concept, 
i.e., Reduce, Reuse, and Recycle to overcome food waste issue 
throughout the world. 

That’s why waste management systems also begins with waste 
minimization. Riemer & Kristoffersen [6] suggested four ways to 
achieve perfect waste minimization in the industry as follow; 

A. Waste prevention with using more efficient production 
technologies 

B. Internal recycling of production waste 

C. Source-oriented improvement of waste quality

D. Reuse of products. A number of by-products are also 
somewhat discarded in food industry without any process 
although they can be used to produce valuable products. In 
this review, the methods that have been generally preferred to 
convert by products to value added products are investigated.

Thermal Conversion
The thermal conversion of food by-products or waste especially 

solid form bases on production of fuel and chemicals that are 
generally used to operate steam turbines for energy production or for 
heat exchangers used to heat up process streams in industry [7]. The 
basic thermal conversion processes are pyrolysis and hydrothermal 
carbonization. Food wastes are burned at temperatures less than 
450°C and become gaseous at temperatures above 800 °C during 
pyrolysis. Although pyrolysis is a very promising method to utilize 
food wastes, so far no pyrolysis processes have been developed 
solely for food processing wastes [8]. Hydrothermal carbonization 
is a wet process that converts food wastes to a valuable, energy-
rich resource under autogenous pressures and relatively low 
temperature (180-350 °C) compared to pyrolysis [9]. Parshetti 
et al. [10] used hydrothermal carbonization method to prepare 
hydrochars from urban food wastes for removal of textile dyes from 
contaminated water.
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Chemical Conversion
In food processing industry, hydrolysis and oxidation reactions 

are mostly used as chemical conversion methods for food wastes 
and by-products. Berdanier [11] reported that food wastes or by-
products rich in starch and protein content can be treated with 
appropriate acids or enzymes to produce valuable products such 
as maltose, glucose and amino acids. Solvent extraction is also 
preferred to extract valuable organic acids, vitamins, antioxidants, 
phenolic compounds, coloring agents from food wastes and by-
products. Amado et al. [12] tried to extract antioxidant from 
potato peel waste with ethanol. They investigated the effect of 
extraction process conditions in terms of temperature, time and 
ethanol concentration on antioxidant extraction from potato peel. 
Goula & Lazarides [13] reported how valorized the olive mill and 
pomegranate waste. They suggested different approaches for 
complete utilization of pomegranate seeds and peels based on 
ultrasound-assisted extraction of oil and phenolics from seeds and 
peels and conversion of olive mill waste into live paste spread or 
olive powder (to be included in food formulations) and encapsulated 
polyphenols.

Valuable parts of food wastes and by-products can be also 
extracted by green extraction techniques where water is mostly 
preferred as extraction medium instead of organic solvent extraction. 
Barba et al. [14] reviewed in detail alternative extraction methods 
such as pulsed electric fields, high voltage electrical discharges, 
pulsed ohmic heating, ultrasounds, microwave-assisted extractions, 
sub- and supercritical fluid extractions, as well as pressurized liquid 
extraction for the recovery of antioxidant bioactive compounds from 
winery wastes and by-products. Zungur et al. [15] was also used 
water to extract melon seed milk from melon seeds that generally 
referred as waste.

Biological Conversion
Energy and bioactive compounds recovery from food wastes 

and by-products through biological treatment is currently 
gaining increased interest throughout the world. Food waste 
has a high content of moisture and organic matter, and thus is an 
ideal substrate for anaerobic digestion. The process of anaerobic 
digestion consists of four steps: hydrolysis, acidogenesis, 
acetogenesis, and methanogenesis [16]. pH, temperature, and 
organic loading rate have an effect on the acidogenesis of food waste 
[17]. Chandrasekaran [8] reported that anaerobic digestion created 
biogas, primarily made of methane and carbon dioxide, which 
could be used as a source of energy similar to natural gas. Besides 
anaerobic digestion, composting of food wastes and by-products is 
also one of biological conversion method. Composting is a biological 
process in which organic materials are broken down and nutrients 
and minerals are released.

Conclusion
Food wastes are one of worrisome issue for people and 

environment. That’s why valorization of food wastes and 
by-products is very important due to social, economic and 

environmental reasons. Food wastes and by-products can be 
converting into valuable products through thermal, chemical and 
biological methods. The appropriate conversion method is selected 
with respect to composition of food wastes and by-products and the 
aim of recovery process.
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