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ABSTRACT 
Pea proteins contain all essential amino acids necessary for human nutrition, and they are relatively well tolerated by the human 

body. Therefore, they can be used for fortification of foods, provided they are extracted, separated and dried in the form of protein 
isolates. Solubility is one of the most important functional properties of the proteins isolates and it can be affected by the extraction 
or drying methods. Therefore, we studied the comparative solubility of proteins extracted and dried by different methods. The extrac-
tion of proteins from pea seeds was done by ultrasound assisted extraction, as opposed to conventional method which involves me-
chanical stirring. In order to separate the proteins from the solution, we used in all cases precipitation at the isoelectric point. The 
drying of proteins was done by dehydration with organic solvents and by freeze-drying. Protein extracted in ultrasonic field, and 
freeze dried has the best solubility. 
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REZIME 
Proteini graška sadrže sve esencijalne aminokiseline potrebne za ljudsku ishranu, i ljudsko telo ih relativno dobro podnosi. 

Dakle, oni se mogu koristiti za utvrđivanje hrane, pod uslovom da su ekstrakovani, odvojeni i sušeni u formi izolata proteina. 
Rastvorljivost je jedna od najvažnijih funkcionalnih svojstva izolata proteina i do toga može doći pod uticajem pare ili sušenjem. 
Stoga je ispitivana rastvorljivost ekstrakovanih proteina i sušenih različitim metodama. Ekstrakcija proteina iz semena graška 
izvršena je ultrazvučnom ekstrakcijom, za razliku od konvencionalnih metoda koje uključuju mehaničko mešanje. Da bi se razdvojili 
proteini iz rastvora, u svim slučajevima obavljeno je taloženjem do izoelektrične tačke. Sušenje proteina obavljeno je organskim 
rastopima i liofilizacijom. Protein ekstrakovan u ultrazvučnom području, i osušen zamrzavanjem ima najbolju rastvorljivost. 

Ključne rieči: proteini graška, ultrazvučna ekstrakcija proteina, rastvorljivost proteina. 
 

INTRODUCTION 
Nowadays, there are many attempts to find new sources of 

vegetable proteins in order to substitute, partially or even totally, 
the proteins of animal origin. Vegetable proteins are the most 
valuable for human nutrition, but they are expensive. The soy-
bean is recognized as a rich source of vegetable proteins, and 
these proteins are widely used after extraction for producing dif-
ferent foods which can substitute different meat or milk prod-
ucts. The disadvantage of soybean proteins is that these proteins 
can produce many allergic reactions due to various anti-
nutritional factors (Cordle, 2004). The pea (Pisum Sativum) is a 
species related with the soybean, and also rich in proteins, but 
these proteins are better tolerated by the human body, and they 
produce less allergic reactions.  Pea’s proteins can be extracted 
and used to improve the nutritional value of other foods. The ul-
trasound assisted extraction is a modern extraction technique 
which is based on acoustic cavitation phenomenon, which takes 
places when a solution is placed in an ultrasonic field. This cre-
ates powerful currents in solution, which substantially improve 
the mass transfer and increase the extraction yield. (Knorr et al, 
2004; Mäntysalo M. and Mäntysalo E., 2000). 

There are many researches regarding the possibilities of us-
ing ultrasounds to extract different nutrients like proteins (Iida et 
al, 2008), lipids (Li et al, 2004; Ruiz-Jiménez and Luque de Cas-
tro, 2004), carbohydrates (Sun et al, 2004), and other biologi-
cally active compounds (Hernanz et al, 1999) (Alissandrakis et 
al, 2003).  There are some concerns regarding possible negative 
effects of the ultrasounds on the quality of extracted compounds 
(Gülseren et al, 2007; Wang et al, 2009). In a previous study 
(Ianchici et al, 2009) we have shown that using the ultrasound 
assisted extraction at the right parameters, did not affect the pri-
mary structure of the proteins regarding their molecular weight. 

Nevertheless, it is possible that different extraction and drying 
methods may have an impact on tertiary or quaternary structure 
of the proteins. These lead to possible changes of the functional 
properties of the extracted proteins. One of the most important 
properties of a protein isolate is the solubility.  

MATERIAL AND METHOD  
In this study we used mature peas seeds (Pisum Sativum) of 

Bordi variety as a protein source. In order to extract the proteins 
from the seeds, these were milled using an electric grinder, and 
then the obtained flour was strained through a sieve with 1mm 
mesh for uniform granulation. The first step was the preparation 
of protein isolates using different methods of extraction, separa-
tion and drying. Each sample was weighed and then added with 
extraction solvent consisting on 0.1% sodium hydroxide solu-
tion. In all cases we have used 0.1% sodium hydroxide solution 
as an extraction solvent, because we have proved in other studies 
that it gives the best results for pea protein extraction yield. (Ian-
chici et al, 2008). The samples were left resting for 30 minutes at 
room temperature for hydration, and then the extraction was per-
formed by mechanical stirring, respectively by ultrasound as-
sisted extraction for 15 minute. The mechanical stirring was 
achieved with a magnetic stirrer at 1200 rpm, and the ultrasonic 
extraction was done with an ultrasonic bath type Bandelin 
Sonorex with 80W power at frequency of 35 KHz. The proteins 
extracts were separated from the plant residue by centrifugation 
and decanting. For the protein precipitation, 0.1N hydrochloric 
acid was added until reaching pH 5, which corresponded to 
minimal solubility for pea proteins. The protein precipitates were 
separated from aqueous phase by centrifugation and decanting. 
For the isolates obtained at isoelectric point the protein precipi-
tates were mixed with acetone and dried. For the freeze-dried 
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isolates the protein precipitates were dissolved in distilled water 
and neutralized with sodium hydroxide 0.1% solution, until 
reaching pH 7. The resulting protein concentrates were dried us-
ing Alpha 1-4 LD PLUS freeze drier. So we have obtained four 
protein isolates, following the procedure described in table 1. 
 

Table 1. Procedure of preparation for studied protein iso-
lates 
Name UEPIP MEPIP UEPFD MEPFD 
Sample:  
solvent report 1:19 1:19 1:19 1:19 

Extraction  
method 

Ultrasound 
assisted,  
15min 

Mechanical 
stirring  
15min 

Ultrasound  
assisted, 
15min 

Mechanical 
stirring  
15min 

Precipitation  
at pH 5 HCl, 0.1N HCl, 0.1N HCl, 0.1N HCl, 0.1N 

Centrifugation 5000rpm,  
5min 

5000rpm,  
5min 

5000rpm, 
 5min 

5000rpm,  
5min 

Dissolving  - - NaOH until 
pH7 

NaOH until 
pH7 

Drying  
method 

Dehy- 
dration 

with  
organic 
solvents 

Dehydration 
with 

organic  
solvents 

Freeze  
drying 

Freeze  
drying 

Drying  
parameters  

Acetone,  
10ºC 

Acetone,  
10ºC 

0.10mbar, 
 – 35ºC 

0.10mbar, 
 – 35ºC 

 

Table 2. Samples preparation in order to determine the pro-
tein solubility  

 

Sample 
number 1 2 3 4 5 6 7 8 

Protein 
isolate 5g 

Water 80ml 
Stirring 5min 
Water 
addition  up to 100ml 

Stirring 2min 
Liquid 
sample 10ml 10ml 10ml 10ml 10ml 10ml 10ml 10ml 

pH ad-
just-
ment  

pH3 pH4 pH5 pH6 pH7 pH8 pH9 pH1
0 

Cen-
trifuga-
tion 
6000rp
m 

5mi
n 

5mi
n 

5mi
n 

5mi
n 

5mi
n 

5mi
n 

5mi
n 

5mi
n 

Dilut-
ing 
with 
water  

1:9 1:9 1:9 1:9 1:9 1:9 1:9 1:9 

Sample 
for 
Lowry 
assay 
(ml) 

0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 

 

As seen in table 1 we symbolized UEPIP a protein isolate ex-
tracted in ultrasonic field and dehydrated with organic solvents. 
MEPIP is also a protein isolate dehydrated with organic sol-
vents, but extracted by mechanical stirring. On the other hand, 
UEPFD is a protein isolate extracted in ultrasonic field and 
freeze dried, and MEPFD is also a freeze-dried protein isolate 
extracted by mechanical stirring. As a reference we used a com-
mercial protein isolate supplied by My Protein Company from 

UK. We symbolized this sample MEPUK. In order to determine 
the solubility in water, we have prepared eight samples of solu-
tions at different pH for each protein isolate described above, as 
it is shown in table 2. The amount of soluble protein for each 
sample was determined by Lowry assay, which was described in 
details in previous studies. (Ianchici et al, 2008) 

RESULTS AND DISCUSSION  
The amount of soluble proteins for each protein isolates at 

different pH values are shown in tables 3 to 7.  
 

Table 3. The amount of soluble proteins for UEPIP protein 
isolate 

 

Sample number 1 2 3 4 5 6 7 8 
pH value pH3 pH4 pH5 pH6 pH7 pH8 pH9 pH10
Absorbance  0.2530.1380.088 0.150 0.445 0.5390.5650.567
Proteins % 9.17 5.01 3.19 5.45 16.13 19.5320.4820.54

 

Table 4. The amount of soluble proteins for MEPIP protein 
isolate  

 

Sample number 1 2 3 4 5 6 7 8 
pH value pH3 pH4 pH5 pH6 pH7 pH8 pH9 pH10
Absorbance  0.1990.1150.083 0.138 0.358 0.4030.4160.417
Proteins % 7.21 4.16 3.01 5.02 12.98 14.6215.0915.12

 

Table 5. The amount of soluble proteins for UEPFD protein 
isolate  

 

Sample number 1 2 3 4 5 6 7 8 
pH value pH3 pH4 pH5 pH6 pH7 pH8 pH9 pH10
Absorbance  0.6620.4990.340 0.706 1.020 1.158 1.2001.211
Proteins % 24 18.1 14.5 25.6 36.98 42 43.5 43.9

 

Table 6. The amount of soluble proteins for MEPFD protein 
isolate  

 

Sample number 1 2 3 4 5 6 7 8 
pH value pH3 pH4 pH5 pH6 pH7 pH8 pH9 pH10
Absorbance  0.618 0.436 0.337 0.648 0.949 1.103 1.136 1.142
Proteins % 22.4 15.8 12.2 23.5 34.41 40 41.2 41.4

 

Table 7. The amount of soluble proteins for MEPUK protein 
isolate  

 

Sample number 1 2 3 4 5 6 7 8 
pH value pH3 pH4 pH5 pH6 pH7 pH8 pH9 pH10
Absorbance  0.373 0.248 0.205 0.505 0.827 1.010 0.994 1.004
Proteins % 13.52 9 7.43 18.3 30 36.6 39 39.4

 

These results were represented for comparison on a single 
chart in graph 1. 
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Fig. 1. The amount of soluble proteins from the protein isolates 
at different pH values. 
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CONCLUSION 
As it can be observed from the graph 1, pea proteins are 

more soluble in alkaline medium than in acid medium. This is 
probably because the isoelectric point is at pH5, which is a weak 
acid. 

The ultrasound-assisted extraction of proteins increases their 
solubility in both acidic and alkaline medium. This is probably 
because ultrasounds produce changes in tertiary and quaternary 
protein structure, and the hydrophilic groups are exposed.  

The drying method also affects solubility due to protein de-
naturing that may occur. As seen in the chart above, the highest 
solubility corresponds to the freeze-dried samples, because this 
drying technique doesn’t involve denaturing agents. The lowest 
solubility corresponds to the samples dehydrated with organic 
solvents, which are strong denaturing agents. The commercial 
sample obtained by mechanical extraction and dried by atomiza-
tion had an intermediate solubility. In conclusion, the ultrasound 
assisted extraction is recommended for pea protein extraction 
because it increases the process efficiency and also improves the 
protein solubility. It is also easy to apply on the industrial scale. 
Judging from the described drying techniques, freeze-drying 
gives the best results but its industrial use is limited due to op-
eration costs. Therefore, the most recommended drying method 
for pea proteins applicable in the industry is atomization. 
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