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Abstract: Proteins have important cellular functions. In the search for more functional foods, 
proteins of vegetable origin stand out as a source of amino acids. The objective of this chapter 
was to develop an efficient protocol for the extraction and isolation of white oat protein to 
achieve the technical, sensorial and nutritional quality desired for a functional food, and to 
characterize its essential and non-essential amino acid composition. This study used white oat 
bran from the URS Taura cultivar, from which defatted oat protein was extracted using the 
precipitation method. Amino acid contents were determined using high-performance liquid 
chromatography. The solubility of oat protein was low and its concentration was 65% protein, 
characterized by the presence of 18 essential and non-essential amino acids, in with the highest 
concentrations being leucine (5.08 g/100g) and phenylalanine (4.14 g/100g). These and other 
important essential amino acids make the present isolated product to compete in content levels 
with other protein sources such as soy and pea. The amino acids found in lower quantities were 
methionine (1.05g/100g) and tryptophan (0.1g/100g). The final product presented important 
content values of essential amino acids. However, some low values indicate the need for 
association with other protein sources. Further experimental studies are necessary to evaluate 
the nutritional quality and safety of this product.  
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Introduction 
 
The search for new alternatives to meet humanity’s essential nutritional needs includes plant-based sources capable of 
providing nutraceutical food products with added value, considering their rich and distinctive composition (Langyan, 2021). 
Given the phytochemical composition of oats, consisting of unique primary and secondary metabolites, this cereal 
represents a promising source for inclusion in nutraceutical products aimed at promoting human health (Silva, Carvalho, & 
Magano, 2020). The great interest in the use of oats and their components has resulted in a growing number of studies on 
their chemical composition and the effects of these components as potential agents of pharmacological and nutritional 
importance (Sandrin, 2013; Malanchen et al., 2019; Battiston, 2017; Silveira, 2012; Kuhn, 2015). 
Evidence indicates that oat consumption provides health benefits such as reducing hypercholesterolemia and exhibiting 
antioxidant activity by inhibiting lipid peroxidation in membranes. These effects are attributed to both soluble fibers (β-
glucan) and proteins (Nornberg, Liberali, & Coutinho, 2013; Mira, Graf, & Cândido, 2009; Guimarães, Dadalto, & Figueiredo, 
2022; Lásztity, 1998). In addition, oats demonstrate a strong antioxidant capacity related to the presence of aromatic amino 
acids (approximately 20.93%) (Xu et al., 2013). The proteins of Avena sativa stand out not only for their quantity but also 
for their essential amino acid composition (Silva, Carvalho, & Magano, 2020), including valine, isoleucine, leucine, threonine, 
histidine, tryptophan, lysine, phenylalanine, tyrosine, and methionine (Biel, Kazimierska, & Bashutska, 2020; Rafique et al., 
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2022), representing on average 12–20% of the total protein content. Oats also contain 5–10% lipids, 3–14% total dietary 
fiber, and 69–76% carbohydrates (Beloshapka et al., 2016; Biel, Jacyno, & Kawęcka, 2014). When compared with other 
cereals, oats show higher digestibility than wheat and corn (Hernandez, Veja, & Sotello, 1984) and contain amino acids 
similar to those found in soybeans, which are considered the main plant source of high biological value protein (Mandarino 
& Panizzi, 2021). 
Considering the high protein value of soy, it has important applications and provides all the essential amino acids required 
by the human body. However, its consumption has been associated with adverse effects related to the presence of 
phytoestrogens, such as non-progressive precocious puberty, reproductive alterations, and potential genotoxic effects 
(Fortes et al., 2007; Hollenbach et al., 2010; Klaassen & Watkins, 2012). In this context, oat protein emerges as a safe 
alternative, as some cultivars exhibit a complete essential amino acid profile (Pedó, Sgarbieri, & Gutkoski, 1999), without 
the risks attributed to soy. 
Studies have already demonstrated the benefits of Avena sativa. For example, Xia et al. (2018) conducted a randomized, 
double-blind, placebo-controlled clinical trial and found improvements in exercise-induced muscle damage. Similarly, 
recent studies have shown potential antioxidant effects and angiotensin-converting enzyme inhibitory activity in peptides 
derived from oat protein (Darewicz et al., 2022), as well as promising evidence of digestibility and nutritional value in 
animal models (Abelilla, Liu, & Stein, 2018). However, despite these benefits associated with oat protein, further research 
is needed to elucidate the diversity of amino acids in its composition and to ensure the quality of constituent isolation 
protocols.  
In light of the above, the objective of this study is to develop an efficient protocol for the extraction and isolation of white 
oat protein, aiming to achieve the desired technical and nutritional quality for a functional food, and to characterize its 
composition in essential and non-essential amino acids. 
 
Results and Discussion 
 
The extraction process resulted in a fine powder of light brown color. Solubility was low, classified as moderately soluble in 
water and ethyl alcohol, that is, diluted in 30 to 100 parts of the solvent, according to the Brazilian Pharmacopoeia, 6th 
edition (Brazil, 2022). According to Li and Xiong (2021), solubility is a complex aspect for proteins influenced by their 
physicochemical formulation, such as molecular size, amino acid composition, and surface hydrophobicity; the side chains 
of each amino acid (R group) vary, and this variation can increase or decrease solubility, so that an extrinsic factor is 
necessary to disturb the protein-protein binding. Given this reality, an appropriate ionic strength (salt concentration, in this 
case, NaCl and Sodium Phosphate) needs to be added in the production of oat protein-containing foods in order to improve 
protein solubility characteristics (Li and Xiong, 2021; Nelson and Cox, 2014). 
The extraction process, performed by the Kjeldahl method, resulted in a white oat protein isolate with a protein 
concentration of 65%. This value obtained in the present study is lower than that of Rafique et al. (2023), who evaluated 
the oat protein isolate extracted through a similar method to the one described in the present study, and found a protein 
concentration of 86.3%. However, Rafique et al. (2023) did not present the protein conversion value, which may contribute 
to the difference in our results. Pinto et al. (2014) evaluated the protein contents of different protein supplements available 
in the market from sources other than oats. They found that the protein content of plant-based protein supplements ranged 
from 64.4% to 74.2%, whereas that of whey protein supplements ranged from 34.5% to 79.3%. They used a conversion 
factor of 6.25, differing from the one used in the present study, which used 5.83, following Jones (1941). 
In view of the above, the white oat’s protein isolate in this study showed significant potential for use as a protein 
supplement. One way to increase the protein levels could be to alter the plant’s nitrogen content. Kolchinski and Schuch 
(2004) explain that the nitrogen absorbed by the plant has a significant influence on determining the protein content of the 
grain. The availability of this nutrient influences the seed's chemical composition, and increasing nitrogen fertilization 
dosage raises the protein concentrations in oat kernels without affecting the industrial yield or physiological quality of the 
seeds. 
Besides the protein concentration, the essential and non-essential amino acid composition of an isolate is important for its 
nutritional quality. Table 1 describes the amino acid composition of the isolate from the present study, as well as data from 
Gorissen et al. (2018) regarding oat, soy, and pea samples, which are commercially available like f protein sources. As for 
the tryptophan levels obtained in this study, we found 0.1g/100g of protein; the standards required by the Food and 
Agriculture Organization (FAO) are 1.4g/100g. 
Table 1 shows the superiority of the results obtained for white oat in the present study when compared to Gorissen et al. 
(2018), and the similarity of our results to those obtained for soybean and pea also (Gorissen et al., 2018). However, all 
samples are inferior when compared to the standard value set by the FAO. Regarding non-essential amino acids, FAO does 
not determine reference values. In this study, it is highlighted that Glutamic acid had higher levels in the composition of A. 
sativa. 
As shown in Table 1, the Leucine levels in our study are higher than those required by the FAO and those found by Gorissen 
et al. (2018) for oat, and similar to those they found for pea and soybean. Additionally, our results align with the values 
found by Pedó et al. (2018) in three oat cultivars adapted for cultivation in Southern Brazil. In this study, methionine was 
found to be below the FAO recommendations, but above the value found by Gorissen et al. (2018). Furthermore, as shown 
in Figure 1, we observe that the FAO does not recommend reference values for histidine, an amino acid in which we observe 
values of so many 1.5 g/100 g.  
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Table 1. Content of essential and non-essential amino acids in g/100g isolated from Avena sativa L. compared to the results 
described by Gorissen et al., (2018) and the Food and Agriculture Organization (FAO) standard. 

EA Avena sativa L. 
 

Avena sativa L.a 
 

Glycine max L.a Pisum sativum L. a 

Histidina 1.5 0.9 1.5 1.6 
Isoleucina 2.9 1.3 1.9 2.3 
Leucina 5.1 3.8 5.0 5.7 
Fenilalanina 4.1 2.7 3.2 3.7 
Lisina 2.1 1.3 3.4 4.7 
Metionina 1.0 0.1 0.3 0.3 
Treonina 1.8 1.5 2.1 2.5 
Valina 3.4 2.0 2.2 2.7 
ΣEA 22.0 13.6 19.6 23.5 
ANE Avena sativa L. Avena sativa L.a Glycine max L. a Pisum sativum L. a 
AS 5.9 - - - 
AG 15.4 11.0 12.4 12.9 
Serina 3.2 2.2 3.4 3.6 
Glicina 2.8 1.7 2.7 2.8 
Arginina 5.2 3.1 4.8 5.9 
Alanina 2.9 2.2 2.8 3.2 
Prolina 3.1 2.5 3.3 3.1 
Tirosina 3.4 1.5 4.8 2.6 
Cistina 2.9 0.4 0.2 0.2 

ΣANE 38.9 24.7 31.9 34.4 

Legend: “-” when not measured; “ΣEA” sum of essential amino acids; “ΣANE” sum of non-essential amino acids a Gorissen et 
al., (2018); “EA” essential amino acids; “ANE” non-essential amino acid; “AS” Aspartic acid; “AG” Glutamic acid. Source: 
Author, 2024. 

 
Figure 1. Comparison of amino acids from Avena Sativa L. and Food and Agriculture Organization (FAO) in g/100g. Source: 
Author, 2024. 
 
 
An important finding of the present study was the high concentration of leucine. This is a distinctive feature of the extracted 
oat protein.  Leucine is a precursor of ketone bodies, and its degradation has significant implications for ketosis in conditions 
of prolonged fasting (Nelson and Cox, 2014). Two experimental studies by the same author highlight the benefits of a diet 
rich in leucine (Cojocaru et al., 2010; Cojocaru et al., 2021). Cojocaru et al. (2010) evaluated the anti-atherogenic effect of 
leucine by analyzing its effects on the lipid metabolism in laboratory rats in the context of hypercholesterolemia induced by 
a high-cholesterol diet. The results showed that, when combined with valine, leucine reduced serum cholesterol levels and 
thus the pro-oxidant state induced by hypercholesterolemia, proving therefore useful in reducing atherosclerosis. In a 
subsequent study by the same authors, leucine proved useful when in combination with valine to reduce the risk of 
cardiovascular diseases through a decrease in triglyceride levels. By doing so, the vascular endothelium is protected and 
the risk of endothelial dysfunction decreases (Cojocaru et al., 2021). Both studies by Cojocaru et al., emphasized that these 
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two amino acids need to be further explored with respect to their therapeutic potential. The concentrations found in our 
study hold promise for future food products. 
Another study demonstrating the effects of compounds isolated from oat protein on health/disease was conducted by 
Rafique et al. (2023). They were the first to identify peptides present in oat bran and indicate them as potential 
neuroprotective agents due to the presence of hydrophobic and aromatic amino acids such as phenylalanine, valine, leucine, 
alanine, proline, arginine, and tryptophan. Their study found antioxidant properties of the product in an in vitro model in 
cell culture. In a second phase of their study, the peptides were used to improve behavioral performance in zebrafish 
exposed to scopolamine, resulting in a reduction in acetylcholinesterase (AChE) activity, mitigating oxidative stress and 
decreasing the levels of inflammatory cytokines in the zebrafish brain. Thus, the study demonstrated that the amino acids 
found in oat samples have important effects for health in an animal model, calling for further research to explore ways to 
increase their contents. Another amino acid that presented high content in our study was phenylalanine, with values 
superior to those found in other species and above FAO recommendations. No experimental studies were found regarding 
this amino acid, linking its use with health benefits. However, phenylalanine has glucogenic and ketogenic characteristics 
and can act in two metabolic pathways: in the storage and production of cellular energy (Nelson and Cox, 2014). 
In the present study, lysine presented values lower than reduced 50% in relation to FAO recommendation, and was inferior 
to the content values found in peas and soybeans, which, compared to the results of Gorissen et al. (2018), indicates that it 
is a characteristic of oats, in presenting less lysine. Abelilla 50% in relation to FAO recommendation, and was inferior to the 
content values found in pea and soy. Abelilla et al. (2018) indicated that oats have a limited content of lysine, suggesting 
that this protein needs to be complemented by other plant-based proteins that have higher concentrations of lysine because 
this amino acid participates in the citric acid cycle, being converted into ketone bodies for use in gluconeogenesis, acting 
according to physiological needs. Other essential amino acids that have low yield in oats also require attention in terms of 
supplementation, as amino acids such as methionine, isoleucine, and threonine. These amino acids were found in 
considerably low levels in the present study. They are glycogenic amino acids, meaning they can be degraded into pyruvate 
for glucose and glycogen production through metabolic pathways in the production of Adenosine Triphosphate (ATP) in 
cells (Nelson and Cox, 2014).  
 
Materials and Methods 
 
Plant material 
White oat flakes from URS Taura provided by Dubai Indústria e Comércio de Produtos Alimentícios Ltda in Ijuí-RS.  
 
Extraction protocol of Avena sativa L. protein 
The methodology described by Rafique et al. (2023), with some adaptations based on the precipitation of protein content, 
was used to isolate the protein. White oat bran was finely ground and defatted using ethyl alcohol P.A in a 1:4 m/v ratio for 
24 hours. 
 
Total nitrogen quantification using the Kjeldahl method  
The Kjeldahl method was used to quantify total nitrogen. The results obtained in the titration were applied in the equation, 
considering the nitrogen-to-protein conversion factor of 5.83 (Jones, 1941). 
 
Analysis of the composition and quantification of amino acids present in the extracted protein isolate 
The isolated product was sent to a third-party laboratory for analysis by high-performance liquid chromatography (HPLC) 
to qualify and quantify the amino acids extracted during the process. 
The method used for the quantification of total amino acids is the one described by White et al. (1986) and Hagen et al. 
(1989). The sample was subjected to acid hydrolysis (vacuum hydrolysis tube, 20 mL, 19 mm x 100 mm) (P/N 29564, 
Pierce), with pre-column derivatization using phenylisothiocyanate (PITC). The separation of amino acids by HPLC 
(SHIMADZU®) was performed on a reverse-phase analytical column (LUNA C18 100 A 5 µm 250 x 4.6 mm) 
(PHENOMENEX®) connected to a C18 pre-column (4 x 3.0 mm) (PHENOMENEX®). The phases used were: mobile phase A 
[94% sodium acetate buffer 0.0362M (pH 6.4) and 5.7% acetonitrile] and mobile phase B (40% acetonitrile in ultrapure 
water). A UV detector (SHIMADZU®) was used for identification and quantification of amino acids, an external standard 
(Pierce / PN 20088) and an internal standard (alpha-aminobutyric acid (Aldrich, Milwaukee-USA) was used, at a wavelength 
of 254 nm. Analyses were performed in triplicate. 
The quantification of tryptophan was determined according to Spies (1967). The sample was subjected to enzymatic 
hydrolysis with pronase at 40 °C for 22 hours, followed by a colorimetric reaction with 4-dimethylaminobenzaldehyde 
(DAB) in 21.1N sulfuric acid and read on a spectrophotometer (VARIAN®) at 590 nm. The tryptophan content was 
calculated from a standard curve of tryptophan (PIERCE®).  
For comparison purposes, an article published in the literature was used that presented an analytical methodology for 
evaluating extracted vegetable proteins similar to the present study (Gorissen et al., 2018). 
 
Conclusion 
The final product obtained in this study shows potential in terms of leucine and phenylalanine content values. However, it 
has considerably low values of other essential amino acids such as lysine, threonine, and methionine, indicating the need 
for the combined use of this protein product with other protein sources. 
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In addition to the amino acid content values obtained in this study, we highlight the therapeutic potential of the product, 
which can be a subject for further investigation.  
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