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Introduction
Consuming an adequate amount of high-quality protein in daily 

nutrition is one of the key features of healthy lives. Shortage of 
protein in nourishment may lead metabolic diseases [1]. A climbing 
trend in the requirement of plant-based protein sources can be easily 
seen due to medical needs as lactose intolerance or lifestyle choice 
as being vegan or vegetarian. The population of vegetarian, vegan 
and the number of people who faces with problems depending on 
proteins based on animals are increasing. Vegetarian is a person 
who avoids eating for various reasons as health, religious or not 
being cruel to animals. And vegans do not consume or use meat 
and any other products such as fish, eggs, cheese or leather [2]. In 
the USA, Brasilia, Austria, and India have vegans and vegetarians in 
terms of 4, 8, 3 and 40% of their countries population, respectively 
[3]. To achieve enough amounts of protein resources, a number 
of studies have been taking place for years. Additionally, the price 
of animal-based proteins may cost much higher than plant-based 
proteins. Therefore, plant-based protein sources give an affordable 
alternative in the countries with tremendous prices for milk and 
dairy products [4].

Plant proteins have a wide ranged usage area. Plant-derived 
pharmaceuticals (as experimental drug ZMapp to heal disease 
caused by Ebola Virus [5],) are also considered for finding new 
plant protein sources. Plant-protein-based delivery systems for 
encapsulating bioactive ingredients in foods are also the new usage 
areas [6]. In terms of extending demand of plant protein sources 
for various numbers of reasons, it is clear that new researchers are  

 
needed for finding novel plant materials available for extraction  
efficiency. 

Soybeans are the main commercial source for gaining plant-
based proteins. Additionally, new alternative possible sources are 
added to literature and new consumer goods have already been 
taken place in supermarkets. Searching for a novel plant as a new 
resource, led researchers to think various plants such as hemp [7], 
quinoa [8], potatoes [9], rice [10], maize [11], chickpeas [12], lentil 
Joshi, 2012, peas [13], sesame, peanuts, walnuts, hazelnuts, wheat 
and so on. Researchers have been considering even aquatic flora 
[14] as a candidate source. However, even they may contain high 
protein content; digestibility is another issue to consider while they 
may have low bioavailability. Another issue related to some of these 
sources is allergen molecules.  So far, 15 major antigens that bind 
Ig-E antibodies have been found in soybean plant and products 
made from soybean [15]. Gluten allergy is closely related to celiac 
disease and nutrition including gluten raises up the symptoms of 
the disease. Besides that, some researchers indicate that eating 
habits including gluten may exhilarate severity of schizophrenia 
and cerebellar ataxia [16]. Additionally, growing trend of avoiding 
GMO products in society forces companies to find alternative new 
resources. 

To overcome lack of protein sources, extraction methods 
from plants have been studied for many years. Classification and 
purification of proteins in the extract or the product is possible by 
using analytical methods such as 2-dimensionalelectrophoresis 
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(2-DE). During this process, challenges can be seen in many ways 
[17]. Secondary metabolites and proteases are found in excessive 
amounts. Due to these components, protein extraction, separation, 
and identification may be affected. In terms of proteomic studies, 
a clear extract is necessary to prevent unwanted migrations of 
unwanted metabolites while 2-DEare made. These unwanted 
migrates may affect migration of proteins. Therefore, they need to 
be swept away from extract as much as possible [18]. 

Extraction procedure development of a protein obtains many 
factors to think about. Depends on the part of the plant, extraction 
methods and solvents vary. As long as minimizing the tissues as 
much as possible is the key factor of having a larger amount of bulk 
protein; some challenging features (fiber-rich content, adhesive 
structure, hardly disrupting parts) are needed to be considered. 
Cell walls of plant cells consist of complex polysaccharides which 
add extra problems for squeezing tissues. Liquid nitrogen usage 
with mortar and pestle is a useful way to lower protein degradation 
during tissue disruption. Protein degradation can also be lowered 
by cooling and adding buffer solutions in homogenization 
environment. Addition of quartz sand facilitates obtaining finer 
powder [19]. 

New applications of extraction processes open up innovative 
ideas. One of the most important issues in that concept, considering 
the most convenient and appropriate extraction protocol depending 
on the aim of extraction. As an example, usage of toxic chemicals in 
extraction or precipitation procedures may lead to increase costs 
for cleaning procedure and also some chemicals may be forbidden 
due to regulatory rules. In this concept, we may need to take 
advantage of assisting applications above. 

Microwave-assisted extraction (MAE) systems have a marvelous 
potential due to the new research. Decreased solvent consumption, 
thermally save applications, increased yields depending on a 
lowered number of extraction steps are the benefits of this system. 
Non-ionizing electromagnetic waves (which are between 300 MHz 
and 300 GHz) are known as microwaves and in the spectrum, 
they take place between X-ray and Infrared rays. Transferring 
absorbed electromagnetic energy to heat energy is possible by 
using electromagnetic waves. The theory behind MAE depends 
preventing loss of energy captured by environment-which is the 
drawback of conventional heating [20]. As long as MAE provides 
targeted and selective heating mechanism (with ionic conduction 
and dipole rotation), it is more favorable than traditional heating 
conventional heating methods. 

Enzyme-assisted protein extraction (EAE) depends on 
disrupting cell wall and increasing yield in mild conditions. 
Therefore, it is more environmental-friendly method than using 
harsh chemicals. Specific enzymes for extraction methods have been 
developed for extraction of proteins from tea leaves, Leguminosae 
gums, oilseed meals and so on. A significant peak in yields has 
been shown in research when it is compared with chemical-based 
methods [21]. 

Ultrasound treatment before extraction process is responsible 
for reducing size in the target which increases surface area. 
Speeding up the extraction process and having an increased yield 
is possible after ultrasound treatment. Ultrasound application 
procedure stimulates hydration process by using the power of 
cavitations by using bubles in hydrophobic surfaces.

Secondary metabolite removal is another way to obtain 
more pure protein extracts. Secondary metabolites are low 
molecular weight compounds and around 50.000 structures 
have been enlightening [23]. Definition of secondary metabolites 
demonstrates a compound whose biosynthesis is restricted to 
selected plant groups. They can be providing floral scent with 
volatile compounds, the color of the petals with pigments or 
protection systems made from toxic chemicals to avoid pathogens 
and herbivores [24]. Some examples of secondary metabolites can 
be given as phenols, flavonoids, tannins, lignins, stilbenes [25]. 
Most of the times, including these type of compounds in a food 
product, protein isolate and so on is mostly unfavorable due to taste, 
odor, appearance and health-related reasons [26]. Additionally, 
2-DE requires samples without secondary metabolites. Removal 
procedure can be affected by species, tissue-specificity, age, and or 
developmental stage. These compounds can be removed before or 
after protein extraction. Using TCA/acetone precipitation, organic 
solvents are used to clean the extract. These give a result of white 
or light colored pellet [19,27]. Air-dried acetone powder is used 
for extracted in aqueous buffers after obtaining a pellet. However, 
this removal procedure comes out with drawbacks such as lessen 
yield of extraction. Other strategy-removing secondary metabolites 
during the extraction by using aqueous buffers including EDTA, 
DTT or 2-ME, a protease inhibitor cocktail, and poly vinyl poly 
pyrrolidone (PVPP). PVP(P) compounds can be cleaned up by using 
a centrifuge. Unfortunately, co precipitating contaminants are 
hardly removed by using organic solvents. 

Therefore, this strategy fits tissues which can be easy extracted 
such as young tissues [19]. 

After removing secondary metabolites, another limitation 
comes up with the bulk of protein. Solubilization of the protein is 
important to move on with rest of the experiment. 2-DE separation, 
measuring the amount of protein and other levels of the process may 
need a solubilized protein. Re-solubilization can be done with SDS. 
Anionic nature of SDS does not directly affect isoelectric focusing 
of the gel [28]. Long incubations with lysis buffers (including urea, 
thiourea, MDTT, CHAPS, carrier ampholytes) and shaking is another 
way to re-solve bulk proteins [19].

Conclusion
Plants as sources of protein bring new opportunities to people 

who prefer or need to eliminate or decrease animal-based protein 
consumption. In this concept, we tried to implement some problems 
and key factors to rise up yield and overcome the problems depend 
on the extraction process. Hopefully, future studies will bring 
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additional novel species and sources to fulfill the requirement of 
wide-ranged plant proteins for food and many other industries.
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