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Abstract. Due to environmental impacts of food production and FAO projections of its increasing 

in the next decades, alongside with social problems related to food access and food affordability, 

researchers started to concern about the future role of the food industry in this scenario, and to 

search for alternative sources for several food ingredients. Perhaps the most important being the 

proteins, because of their role in human nutrition and health, together with their functional 

properties, that are highly valuable for the food industry. From another perspective the agro-

industry produces several by-products with a relevant protein concentration, therefore being a 

possible source of those alternative proteins. This article proposes to be a review of the literature, 

exploring the recent works on functional proteins from agro-industry by-products, evaluating 

their potential as food ingredients and their environmental impacts. The results showed 

opportunities and challenges, some co-products were generated in large amounts, presenting 

viability for industrial scale processing, while others are limited to small scale productions, and 

some proteins demanded enhancing to achieve a good functional property. In conclusion recent 

works highlight the potential of several agro-industry by-products as source of functional 

proteins, and despite the actual challenges for the industrial scale production and use of this 

proteins, some researchers developed novel techniques for improving the proteins yield, its 

functional properties, flavour, aroma and digestibility, in some cases achieving comparable 

results as other plant proteins and even animal-based proteins that are widely used nowadays, 

stating that this alternative sources may in fact produce high quality food ingredients using agro-

industry co-products, presenting an upcycled solution for agro-industry by-products. 
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1. Introduction 

According to FAO the demand for food its projected 

to increase by 60% by 2050 [1], while some authors 

project it doubling in the same period [2][3]. 

Meanwhile our world is currently facing several 

environmental issues due to intensive crop and 

animal farming, adding the projections of increase in 

the food demand certainly result in a great concern. 

Proteins are known to be one of the most important 

nutrients for any living organism, their role in life is 

so important that its name “protein” derives from the 

Greek word “proteios”, that means primary or what 

comes first. Proteins develop complex structures of 

amino acids that perform several biological functions 

such as: structure, enzyme, hormones, etc. Given 

that, malnutrition is often more related to lack of 

protein than lack of calories [3]. 

The world is also seeing a transition in food 

consumption patterns, there is a growing group of 

consumers known as “flexitarians”, that are defined 

as a distinct group that wants to reduce their intake 

of animal-based foods without completely ending it, 

this group of consumers its very inhomogeneous and 

consists of several subgroups with a wide variety of 

animal-based foods consumption patterns, from a 

slightly decrease to a drastically reduction [4]. One 

notorious difficulty among flexitarians and other 

groups that do not consume animal-based foods is 

the lack of options that properly mimic the 

characteristics of animal products, creating a 

demand for new products and new technologies. 

Worldwide the agro-industry is responsible for 

producing several food products and many of them 

as well generate a considerable amount of by-

products, nevertheless, many of them contains high 

concentration of proteins, and some of them may 
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exhibit functional properties such as: foam inducing 

and stability, emulsification, gelling and antioxidant, 

properties of great relevance for the food industry. 

Most plant-based proteins come from a few varieties 

of vegetable species, and despite the discoveries of 

novel sources, their use is very often limited by cost 

or availability [5], agro-industry by-products could 

be a source of those proteins with a greater 

availability and low cost and hence that being an 

upcycle solution for the demand of new plant-based 

protein sources. 

2. Methodology 

This article used a literature review in the topics of 
plant-based proteins and functional proteins, the 
literature review used the Science Direct search 
engine with the keywords: “agro-industry-by-
products”, “functional protein” and “plant-based”. 
The results were sorted by the potential for 
industrial scale use, the functional properties of the 
protein, and the possibility of substitution of current 
used proteins, finally the results were discussed 
whether these agro-industry by-products could be 
able to produce high quality food ingredients with 
industrial applications.  

3. Results and discussion 

The literature review provided recent works on 
alternative protein sources from Agro-industry 
byproducts, they reveal a wide range of vegetable 
proteins that provide several properties, from 
functional to health benefits. They also come from a 
wide range of different vegetable structures such as 
seeds, kernel, and cereals bran and silk. 
 

3.1 Functional Properties 

Proteins can exhibit functional properties, i.e. 
properties related to its physical and chemical 
behaviour, that are related to the structure and 
chemical composition of the protein, such as an 
example the ability to form stable emulsions is a 
functional property that derives from the solubility 
of the protein in both polar and non-polar structures 
forming an interface between the two different 
environments. Functional proteins are of high 
interest for the food industry, since many food 
products need them, regarding them as a high value 
food ingredient. Recent works discovered 
emulsifying, foaming, gelling and antioxidant 
properties in proteins from agro-industry by-
products. 
 
Each type of source has its own particularity in terms 

of availability, potential for improvement and use. 

Sources from cereal industry by-products are 

generated in large quantities, and by crops widely 

cultivated in the whole world, hence they are capable 

of supplying industrial scale production of 

alternative proteins, some studies found that corn 

silk and rice bran can be sources of functional 

proteins [6] [7], the corn silk proteins have both 

emulsifying and foaming properties similar to other 

plant proteins [6], while the rice bran protein 

exhibited a neutral flavour and aroma, along with 

being hypoallergenic, attributes that allows their 

incorporation in several types of food products [7]. 

One disadvantage of these cereal derived proteins 

could be their lack of essential amino acids, which 

could be solved by the association of different 

vegetable proteins that complement their amino 

acids compositions. 

 

Another potential source of functional proteins could 

be the fruits seeds, many fruits seeds are edible and 

have a good nutrient profile, but they are rarely used 

in food products, new discoveries found functional 

properties in seeds from a wide range of fruits such 

as apricot, date, macauba, peach and pumpkin. 

Apricot kernel is a common by-product of apricot 

industry, recent studies evaluated the potential of 

enhancing the functional properties of apricot kernel 

protein, the method of screw-pressing temperature 

for isolating apricot kernel oil and apricot kernel 

protein yielded a protein isolate with water holding 

capacity of 5.56 g/g, an emulsifying activity index of 

50.78 m2/g and  a foam stability of 96.43% [8], and 

an additional fibrillization process, under pH 2.0 and 

90ºC for 6 h upgraded the antioxidant activity, and 

for 18 h improved the foaming property of the 

protein, the apricot kernel protein before and after 

the fibrillization process did not exhibited 

cytotoxicity in vitro  [9]. Together these discoveries 

highlight the potential of apricot kernel as a plant-

based source of functional proteins. 

Date seed protein concentrate, submitted to high 

pressure homogenization exhibited improvements 

in its emulsifying capacity, reaching values of 22.29 

m2/g for emulsifying activity index, emulsion 

stability index of 16.15 min and oil-binding capacity 

of 3.02 g/g [10], date seeds represent a by-product of 

the date processing industry and the possibility of 

enhancing the functional properties of date seed 

proteins increases their potential use in the food 

industry. 

The macauba kernel protein isolate can produce 

stable emulsions on pH 3.5 and 7.0, have a greater 

capacity of holding oil than water and have a 

minimum gelling concentration of 14% [11], 

macauba kernel protein isolate is a very promising 

ingredient for plant-based products, and despite of 

being a small industry nowadays, the macauba oil 

industry is growing fast, increasing the by-product 

generation and therefore the macauba kernel protein 

isolate production. Peach seed protein extracted 

using pressurized liquid extraction showed a protein 

yield of 95%, and good hydrophobicity, foaming 

capacity and whiteness index [12], differently from 

the macauba, peach industry is more consolidated an 

involves a wider range of products, hence that 

produces more by-products and therefore the peach 



 

 

seed proteins support a larger scale of production. 

Pumpkin seed meal can be hydrolysed into protein 

hydrolysates by protease enzymes, and the pumpkin 

seed meal protein hydrolysates can be used as an 

emulsifier or antioxidant [13], pumpkin production 

is expressive, and pumpkin seeds are widely used in 

nutraceutical and food industry, but the target for 

industrial scale use is the pumpkin seed oil, therefore 

the pumpkin seed meal, which is rich in proteins, 

remains a by-product. Given the functional 

properties of pumpkin seed proteins, the enzymatic 

hydrolysis of pumpkin seed meal is an upcycle 

solution for the pumpkin seed meal. 

3.2 Health benefits 

Some functional proteins demonstrated health 

benefits associated to their ingestion, the coconut 

protein is rich in bioactive compounds such as 

peptides and antioxidants, which offer health 

benefits [14]. This represents opportunities for both 

nutraceutical and pharmaceutical industries, but 

furthermore studies are needed to evaluate properly 

the benefits of coconut proteins bioactive 

compounds, to this point is know that the coconut 

proteins have bioactive compounds such as peptides, 

the authors state that despite the presence of this 

bioactive compounds, further studies are needed to 

properly evaluate the health benefits of coconut 

proteins. 

3.3 Methods of extraction 
The methodology used for isolating the proteins 

from the source can impact directly the protein 

recovery yield, the structure of the protein and hence 

that the functional properties of the protein. Some 

studies used the alkali method of extraction with 

isoelectric precipitation as a standard protein 

extraction process [6] [10] [11] [15]. Nevertheless, 

other studies tried innovative methods aiming at 

improving protein recovery and functionality, as the 

addition of an acid phase (pH 2.0) after the alkali 

phase (pH 9.0) and an extra heat coagulation step at 

80ºC after the isoelectric precipitation, this method 

was intended for enhancing the rice bran proteins, 

and the outcomes were improvements in  

digestibility, protein recovery yield, flavour and 

aroma [7], another methodology was the screw 

pressing, used to separate the oil from the protein 

rich fraction of apricot kernel [8] [9], one study used 

high temperatures during the pressing step to 

evaluate its impact on the proteins functional 

properties, and the outcomes were: highest oil yield 

at 200 ºC and best functional properties of the 

proteins at 120ºC [8], other study searched for 

“green” methods of isolating the proteins from peach 

seed, the authors tried four different methods: heat-

stirred extraction (HSE), pressurized liquid 

extraction (PLE), microwave-assisted extraction 

(MAE) and ultrasound-assisted extraction (UAE), the 

results demonstrated that PLE, MAE and UAE 

methods showed interesting results in terms of yield 

and quality of the protein, with the PLE presenting 

the better yield (95%) followed by the HSE (55%), 

and the PLE demonstrated good functional 

properties, with the highest foaming capacity, 

hydrophobicity and whiteness index [12], another 

work used enzymatic extraction methods for 

hydrolysis and isolation of protein from pumpkin 

seed meal, they used proteases enzymes for 

hydrolysing the proteins, and subsequently 

centrifugation of the sample for isolating the protein 

hydrolysates, as a result the protein hydrolysates 

showed improvements in solubility and antioxidant 

activity compared to regular pumpkin seed protein 

extracted from alkali method [13]. 

3.4 Improving technical functionalities 

Improving functional properties enables the protein 

to achieve better results at specific uses, therefore 

improving the protein performance as a food 

ingredient, with that concern some studies focused 

on the improvement of the functional properties of 

the proteins due to changes in the extraction process 

and they were discussed previously in the chapter 

3.3, while other approaches used post processing 

techniques to enhance the proteins functional 

properties, the studies found tried a wide variety of 

post processing techniques, a study evaluated the 

effects of fractionation of corn silk proteins, the 

outcomes were that the Albumin fraction had a 

better in vitro digestibility and nutritional content, 

and the Glutelin fraction had a better foaming and 

thermal properties [6]. Another work investigated 

the modifications in apricot kernel protein submitted 

to fibrillization and concluded that foaming capacity 

and stability were significantly increased, as well as 

the antioxidant property [9]. In another study the 

authors tried to enhance the functional properties of 

date seed protein concentrate using the high-

pressure homogenization process, the result were 

improvements in solubility, antioxidant activity, 

emulsifying activity index, oil-binding capacity and 

surface sulfhydryl content, a slightly decrease in 

emulsion stability index and a significant reduction 

in the water-binding capacity. There was also a study 

were the authors investigated the impacts of a 

pretreatment in the functional properties of the 

proteins, in this work an ultrasonic pretreatment 

was used in pumpkin seed meal that was further 

submitted to enzymatic hydrolysis, the outcomes 

were a boost in some enzyme's activities and a 

smaller size and higher superficial charge in the 

proteins, resulting in improved solubility, higher 

degree of hydrolysis and enhanced antioxidant 

activity. 

4. Conclusion 

Agro-industry by-products are a wide category of 

vegetable products with variable compositions and 

structures, therefore exhibiting different properties 



 

 

and optimal approaches for each case, the scale of 

processing is also very variable, while some sources 

support industrial scale, as rice bran, corn silk and 

apricot kernel, others are limited to small scale 

productions, as macauba kernel and date seed. 

Nevertheless, two general characteristics of all agro-

industry by-products are the low cost, and the 

environmental impact of their disposal, hence 

extracting functional proteins from those sources 

could be economically and environmentally positive, 

characterizing an upcycle solution. The proteins 

obtained from agro-industry by-products exhibited a 

wide range of functional properties, such as 

antioxidant (apricot kernel, coconut and pumpkin 

seed), emulsifying (corn silk, apricot kernel, date 

seed, macauba kernel and pumpkin seed), foaming 

(corn silk, apricot kernel and peach seed) and gelling 

(macauba kernel), some properties can also be 

improved using novel methodologies for extraction 

and processing. In conclusion this study only 

explored a limited number of possible functional 

protein sources due to the scarce time and limited 

literature, further investigations may identify more 

sources of functional proteins and more methods for 

improving their functional properties, nonetheless 

the information covered by this article can confirm 

that agro-industry by-products can be a source of 

functional proteins for both food and nutraceutical 

industries. 
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