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ABSTRACT Air classification is a process used to prepare starch-rich and protein-rich fractions 

from finely-milled pulse (starchy grain legume) flours, principally those from field pea. The protein 
fraction obtained by air classification of field pea flour contains 50-55% protein and hence does not 
qualify as a true concentrate which, by definition, must contain 65% or more of protein on a 
moisture-free basis. Previous work has shown that products qualifying as true concentrates, and 
having potentially useful physico-chemical properties, can be prepared from air-classified pea 
protein by processes such as alkaline extraction, isoelectric washing and aqueous-alcohol washing, 
processes that are used or have been used in the manufacture of concentrated soy protein 
products. In this study, protein concentrates were prepared from air-classified pea protein by 
optimization of an aqueous-alcohol washing process. Both aqueous-ethanol and aqueous-
isopropanol were used as solvents. The effects of extraction conditions – alcohol concentration (50-
70%), extraction temperature (20-60°C) and extraction time (5-15 min) – were determined using a 
Box Behnken response surface experimental design. The effects of these treatments on the yield 
and protein content of the resultant protein concentrate were determined. 

Keywords: Air-classification, pea protein, protein concentrates, aqueous-alcohol extraction, Box 

Behnken design, Canonical analysis, Ridge analysis. 



 

 

2 

 

INTRODUCTION Pulses are plants belonging to the family Leguminosae which are harvested 

primarily for their seed. Pulses are a vital dietary protein source for a large segment of the world’s 
population and provide energy, protein, dietary fibre, minerals and vitamins required for human 
health. (Duranti & Gius, 1997; Boye, Zare & Pletch, 2010). Pulses include pea, bean, lentil, 
fababean and chickpea and can be described as containing approximately 10% moisture, 60-65% 
total carbohydrate, 21-25% protein, 0.8-1.5% lipid and 2.2-4.0% ash, with peanut and soybean 
being exceptions as they are oilseeds (Dalgetty, Baik & Swanson, 2003). Research provides strong 
evidence that consumption of pulses may have distinctive health benefits, which include reduced 
risk of cancer, cardiovascular diseases, gastrointestinal disorders, diabetes, osteoporosis, 
hypertension and adrenal diseases and reduction of LDL cholesterol. Such studies have 
contributed to an increased awareness of the benefits of incorporating pulses in the diet (Boye, 
Zare & Pletch, 2010).  

Air classification is a process for separating components of dry materials according to their 
physical properties, including size, shape, density and aerodynamic characteristics (Chrismon, 
1978). It is a dry process that may be used for the manufacture of starch-rich and protein-rich 
fractions from pulses, pea in particular. Particle size is the primary basis for separation, which 
concentrates protein in the fine fraction and starch in the coarse fraction. The composition of the 
seed plays a significant role in determining the amount and composition of the processed products 
produced from pulses by air-classification, and the distribution of fat, ash, fibre and non-starch 
carbohydrate between the fractions impacts the purity of the separated fractions. The protein-rich 
fractions resulting from air classification of pulses generally contain 50-60% protein and tend to 
retain a strong flavour and suffer oxidative instability (Youngs, 1975).  

The protein fractions obtained by air classification of pulse flours contain less than 65% 
protein and hence do not qualify as true concentrates. Protein concentrates containing 65% or 
more of protein may be prepared from pulse flours using technologies such as alkaline extraction, 
isoelectric point washing and aqueous-alcohol washing. It was demonstrated that with the 
exception of 90% and 95% aqueous-ethanol-washed products, concentrates containing > 65% 
protein (on a moisture-free basis) could be prepared from air-classified pea protein (Pokatong, 
1994). The products were obtained in high yield and were essentially devoid of unwanted colour, 
flavour, lipid, oligosaccharides and trypsin inhibitor activity. 

The objective of this study was to optimize the aqueous-alcohol washing process for the 
production of protein concentrates from field pea. Ethanol and isopropanol were used as solvents 
for extraction and the protein concentrates prepared were compared on the basis of protein content 
and yield. 

 

MATERIALS AND METHODS  

Air-classified pea protein (58.4% protein, Nx6.25, moisture-free basis) was supplied by Parrheim 
Foods, Saskatoon, SK. 

Air classification An air classifier is fundamentally an elutriator employing an air stream to 

separate a mixture of finer particles from coarser ones (Tyler, 1984). Whole or dehulled seed is 
pulverized into fine flour, followed by air classification in a spiral air stream to separate starch from 
protein (Boye, Zare & Pletch, 2010). The separation is enhanced by the differences in particle size 
of starch and protein particles. The smaller, lighter protein particles are collected in the finer fraction 
whereas the larger, denser and heavier starch particles accumulate in the coarser fraction. 
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Figure 1. Air classification process 

Aqueous-alcohol washing Aqueous-alcohol (ethanol and isopropanol) washing of air-classified 

pea protein was carried out using different concentrations, temperature and time combinations to fit 
the limits of a Box Behnken design. A flour to solvent ratio of 1:5 (200 g of product slurried in 1000 
mL of solvent) was employed. The mixture of aqueous-alcohol and pea protein was stirred using a 
magnetic stirrer for different time intervals and at varying temperatures and then centrifuged at 
2000 x g for 10 min at 4°C. The cake obtained after extraction was reslurried twice using aqueous-
alcohol at the concentration used in the first extraction. The thrice-extracted samples were given a 
final wash with aqueous 95% aqueous-alcohol. The concentrate was dispersion dried at ~ 70°C. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 2. Aqueous-alcohol extraction of air-classified pea protein 
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Protein content Protein concentrates prepared from aqueous-alcohol washing were analyzed for 

protein using a Leco Nitrogen/Protein Analyzer and a nitrogen-protein conversion factor of 6.25. 

Yield Protein concentrates were prepared on a small scale (using 50 g of air-classified pea protein 

and 250 mL of aqueous-alcohol) to achieve an accurate determination of product yield. 
Concentrates were dried for 24 hours in an oven to avoid loss of product during dispersion drying. 
Yields were calculated on a moisture-free basis. 

Statistical analysis Response surface methodology was chosen to construct mathematical 

models using a Box Behnken design; this made it possible to understand quantitatively and 
describe the relationship between treatment combinations and the protein content and yield of the 
resultant protein concentrates. Data were analyzed using SAS Version 9.3 Software (SAS, Cary, 
NC).  

Box Behnken Experimental Design The primary objective of an optimization study is to 

maximize the output. This goal is achieved by developing an experimental set-up and changing one 
variable at a time. This process is difficult due to the time constraints imposed by the large 
experimental design which involves multiple randomized treatment combinations which are difficult 
to achieve, cost limitations, and the effects of interactions among variables are not revealed. A Box 
Behnken statistical design with three factors, three levels and 13 treatment combinations with 
replicated center point treatments was used for this study. The design was constructed to resemble 
a multi-dimensional cube with a set of points lying at the mid-point of each edge and a replicated 
center point. The dependent and independent variables are listed in Table 1. The regression model 
fitted to the experimental results was as follows: 

 

                         
       

       
                          

 

where y is the dependent variable; X1, X2 and X3 are independent (treatment) variables; βo is the 

intercept; and β1 to β23 are regression coefficients. 

 

Table 1. Variables and their levels in the Box Behnken design. 

  Levels  

Independent Variables Low Medium High 

X1=Concentration 50 60 70 

X2=Temperature 20 40 60 

X3=Time 5 10 15 

Dependent Variables 

Y1=Protein 

   

Y2=Yield    
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RESULTS AND DISCUSSION  

Ethanol and isopropanol were used in an aqueous-alcohol washing process for the preparation of 
protein concentrates from air-classified field pea protein. Results revealed that the alcohol 
concentration had a significant effect on the yield and protein content of the concentrates prepared 
from isopropanol while time played a significant role in ethanol based extractions.   

Data Analysis A Box Behnken statistical design was used to study the effect of three factors – 

alcohol concentration, temperature and time – at three levels on two dependent variables, protein 
content and yield. With both aqueous-ethanol and aqueous-isopropanol, the protein content of 
protein concentrates decreased, whereas yield increased, as the concentration of alcohol 
increased.  
 

Table 2. Box Behnken design with measured responses. 

Treatment X1 X2 X3 (Y1)
a (Y1)

b (Y2)
a (Y2)

b 

1 50 20 10 70.1 71.1 68.6 70.0 

2 50 40 5 72.7 71.6 63.9 66.4 

3 50 40 15 73.1 71.4 66.8 68.8 

4 50 60 10 71.4 71.4 63.1 69.9 

5 60 20 5 70.8 70.2 65.5 69.2 

6 60 20 15 71.1 72.1 67.8 70.9 

7 60 40 10 72.3 71.4 66.8 76.1 

8 60 60 5 72.2 69.7 67.5 68.1 

9 60 60 15 71.9 69.4 72.5 66.8 

10 70 20 10 67.7 68.2 73.2 71.0 

11 70 40 5 67.1 70.6 76.4 73.2 

12 70 40 15 66.6 68.7 72.9 74.0 

13 70 60 10 68.6 71.5 72.8 71.5 

14 60 40 10 72.3 71.4 66.8 76.1 

15 60 40 10 72.3 71.4 66.8 76.1 

XI – Concentration of alcohol in % 
X2 – Temperature of extraction in °C 
X3 – Time of extraction in minutes 
Y1 – Protein content (moisture-free basis) of the concentrate prepared by aqueous- alcohol washing 
Y2 – Yield (moisture-free basis) of the concentrate prepared by aqueous- alcohol washing 
a
Isopropanol 

b
Ethanol 

 

Y1 for concentrates prepared using aqueous-isopropanol exhibited an R-squared value of 0.909, 
with p = 0.03, whereas with aqueous- ethanol, R-squared was 0.605 and p = 0.60, which indicates 
that 90% of the variability in protein is explained by the model in the case of aqueous-isopropanol, 
and only 60% in case of aqueous-ethanol washed products. Hence, the model was not adequate to 
describe the effect of aqueous-ethanol concentration on protein, however it could be considered to 
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study response tendencies. The R-squared values for Y2 were 0.860 and 0.890 for aqueous-
isopropanol- and aqueous-ethanol-washed concentrates, respectively, indicating that the model 
described adequately the effect of aqueous-alcohol concentration on yield. 

Canonical Analysis In order to examine the shape of the regression curve and to determine if 

the stationary point was a maximal, minimal or saddle point, canonical analysis was performed. The 
aim was to identify combinations of alcohol concentration, temperature and time that would 
maximize protein content and yield of concentrates prepared by aqueous-alcohol washing. The 
combinations can be taken into consideration only if the set of treatments lies within the region of 
the experimental design and the stationary point is a maximum or a minimum. A saddle point is an 
indication that another method must be employed to identify ideal combinations, i.e. to optimize the 
design. Canonical analysis on protein content values for aqueous-isopropanol-washed 
concentrates produced negative Eigen values, indicating that stationary point was a maximum and 
that a treatment combination of 55% aqueous-isopropanol, 50°C and 11 minutes would produce 
concentrates containing 73% protein. In the case of aqueous-ethanol-washed concentrates, the 
stationary point was a saddle, hence the estimated surface did not have a distinguishable optimum. 
The inverse was found for the yield of concentrates prepared using aqueous-ethanol or aqueous-
isopropanol. The stationary point for aqueous-isopropanol-washed concentrates was a saddle and 
the treatment combinations for highest yield were outside the region of the experimental design, 
whereas canonical analysis of yield values for aqueous-ethanol-washed concentrates revealed a 

maximal stationary point with 65% aqueous-ethanol, 40° C and 11 minutes. 

Ridge Analysis Canonical analysis yielded a saddle stationary point for some dependent 

variables. In order to estimate the optimum operating conditions within a spherical region of 
experimentation, ridge analysis was carried out. Ridge analysis of the maximum response for Y1 of 
aqueous-isopropanol-washed protein concentrates indicated that a high protein content could be 
achieved with a treatment combination of 55% aqueous-isopropanol, 49.7°C and 11 minutes, which 
is in agreement with the values determined by canonical analysis. Similarly, for Y1 of aqueous-
ethanol-washed concentrates, the optimum combination was 52% aqueous-ethanol, 40°C and 11 
minutes. Ridge analysis of yield values for protein concentrates prepared by aqueous-isopropanol 
washing indicated that at higher alcohol concentrations and with moderate temperatures and 
extraction times, a higher yield could be achieved; the optimal treatment combination was 
determined to be 70% aqueous-isopropanol, 44°C and 10 minutes. Aqueous-ethanol-washed 
concentrates of high protein content would result from the use of lower alcohol concentrations; the 
predicted optimal treatment combination was determined to be 65% aqueous-ethanol, 40°C and 11 
minutes. 

Effect of variables on protein content and yield  

In order to gain a better understanding of the results the predicted models for aqueous- isopropanol 
and aqueous- ethanol washed concentrates are in Figures 3, 4a and 4b. 

 

 

 

 

 

 

Figure. 3. Relationship of concentration of isopropanol and ethanol with protein and yield respectively. 
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CONCLUSIONS 

Optimization of an aqueous-alcohol washing process for the preparation of protein concentrates 
from air-classified pea protein is a relatively complex process. Three variables – alcohol (ethanol or 
isopropanol) concentration of alcohol used, extraction temperature and extraction time – were 
assumed to be the principal factors that would affect the yield and protein content of the protein 
concentrates produced. The present study demonstrated the use of a Box Behnken design for 
optimization. The polynomial equations derived aided in predicting the optimum combinations of the 
independent (treatment) variables. This study showed that protein concentrates of lower protein 
content would result from the use of higher alcohol concentration, whereas a higher alcohol 
concentration enhanced product yield. The model predicted with high precision protein content and 
yield values for aqueous-isopropanol-washed concentrates. With aqueous-ethanol-washing, the 
model was able to predict values for yield. Neither extraction temperature nor extraction time had a 
significant effect on either concentrate yield or protein content. 
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APPENDIX A 
 
 
 
 
 
 
 
 
 

a) Effect of concentration of aqueous-isopropanol and temperature on protein and yield  



 

 

8 

 

 
 
 
 

 

 

 

 

 

 

 

b) Effect of concentration of aqueous-ethanol and temperature on protein and yield 

 

Figure 4. Response surface plots showing the effect of concentration of alcohol and temperature on 

protein and yield 
 
 

 


