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Abstract
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Sunflower meal obtained after defatting of sunflower seeds is a by-product, which has the potential to serve as
an attractive source for the preparation of protein isolates for food purposes. Protein extraction depends on many
factors. Sunflower proteins are commonly extracted under alkaline conditions due to their low solubility in mildacidic and neutral conditions. However, the alkaline medium favors phenol-protein interactions leading to formation of dark-colored products, which are inappropriate for human consumption. The aim of this research was to
identify the optimal conditions for protein extraction from sunflower meal produced in Bulgarian oil factory by investigating the effect of NaCl- and sunflower meal concentrations, pH, temperature, and extraction time on protein
yield. It was established that increases of pH in the range from 2 to 10 constantly enhanced protein extractability.
At pH 5-7, the protein extraction was dependent on NaCl concentrations. Extracting proteins with 7.5% -12.5%
NaCl solutions and temperature 40ºC obtained greatest protein yields at pH6. The utilization of 2.5% sunflower
meal appeared to be the most appropriate for the achievement of maximum protein extraction. The incremental
increases of the sunflower meal from 5% to 15% did not substantially modulate the protein yields. The most efficient extraction occurred during the first 15 min but maximum protein yields were obtained after 60-75 min of
extraction. Our study demonstrated that by extracting 10% sunflower meal with 10% NaCl, at pH6 and 40оС for the
period of 60-75 min, a protein yield greater than 50% at diminished protein-phenol interaction could be achieved.
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Introduction
Sunflower is one of the most important oilseed
crops cultivated in the world with an annual yield

reaching 27.0 million tons in 2007 (FAO 2009).
EU-27 (22%) and Russia (21%) appeared to be the
most contributing countries to worldwide sunflower seed market followed by Ukraine (15%) and
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Argentina (13%) (USDA, 2008). In Bulgaria, the
production of sunflower seeds increased approximately 3-folds for the period from 2000 to 2008
(MAFS 2009).
Sunflower is predominantly used for extraction
of edible oil (Lühs and Friedt, 1994) but is also a
valuable source for a biofuel production (Kondili
and Kaldellis, 2007). The remains of substantial
amounts of sunflower meal accompany either for
food or industrial purposes, the oil extraction process. For example, in Brasil, in 2003, 66 000 tons
of sunflower grains used for oil extraction purposes resulted in the generation of 23 100 tons of sunflower meal (Carellos et al., 2005). Partially, this
byproduct is used in animal nutrition as an alternative protein source. Its high protein content (40%)
and relatively balanced amino acid composition
make the sunflower meal an attractive supplement
in animal diets (Meng and Slominski, 2005; Gandhi
et al., 2008). However, its application in animal
nutrition is limited by relatively high fiber content
(Senkoylu and Dale, 2006; Raza et al., 2009).
According to Carellos et al. (2005) and Tavernari
et al. (2008) sunflower meal inclusion should not
exceed 16% and 20% in broiler and swine diets
respectively to avoid adverse performance effect.
Thus, the overproduction and accumulation of
excessive amounts of sunflower by-products may
cause environmental problems associated with
their disposal.
The application of the sunflower meal as an unconventional protein source for human consumption could be an alternative approach which leads
to more complete use of this by-product. Except
for lysine deficiency, nutritive value and functional properties of sunflower proteins are comparable to those of soy and other leguminous proteins (González-Pérez et al., 2005; González-Pérez
and Vereijken, 2007). Additional advantage of the
sunflower proteins is their low contents of anti-nutritional and allergen factors (González-Pérez and
Vereijken, 2007). Currently, no genetically modi-

fied commercial sunflower varieties are available
for field cultivation, which makes sunflower protein isolates useful and safe for the production of
organic foods (Cantamutto and Poverene, 2007).
Therefore, in addition to solving environmental
issues, the more complete utilization of the sunflower meal as a source for inexpensive protein for
human needs could also respond to continuously
increasing worldwide demand for proteins. However, the optimal isolation of proteins from sunflower meal is very often impeded by decreased
protein solubility due to denaturation occurring
during oil production.

Materials and Methods
Materials
Sunflower meal was obtained from a local company. It was produced after oil extraction from
heat-treated sunflower seeds. All reagents used in
the study were of analytical grade and bought from
Fillab (Sofia, Bulgaria).
Biochemical characterization of sunflower meal
Total protein content of sunflower meal (N x 5.6)
was determined by Kjeldahl method, AACC 46-12
(AACC, 1995). Soluble protein was determined by
Biuret method (AACC, 1983) after extraction with
0.4% Na2CO3. Bovine serum albumin was used
to generate a standard curve. Crude fat content of
the sunflower meal was determined by Soxhlet extraction method (ISO 7302:2003). Fiber and ash
contents were determined by ICC Standard №156
and ICC Standard №104/1 respectively. The biochemical composition of the sunflower meal was
expressed in percent on a dry weight basis.
Influence of NaCl concentrations and pH on protein extractability
A sample of 2.5 g ground sunflower meal was
suspended in 40 ml aqueous solution of NaCl. The
influence of NaCl on protein extractability was
tested for concentrations varying from 5% to 20%
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with an increment of 2.5. Each extraction was conducted at different pH values including 2.0, 4.0,
5.0, 6.0, 7.0, 8.0, and 10.0. NaOH or HCl water
solutions were used to adjust pH. Samples extracted without the addition of NaCl were used as
controls. The extraction was performed for 1 h at
room temperature (22°C) with constant agitation.
To maintain the tested pH value, pH was measured
(Hanna Instruments, Germany GmbH) in 20 minute intervals and re-adjusted if necessary. To quantify extracted protein, sunflower meal suspension
was transferred into a 50 ml volumetric flask and
leveled to the graduation mark with the respective
NaCl solution. Solid particles were removed by
paper filtration and the extracted protein was assayed by using Biuret method. Protein yield was
calculated as a ratio of extracted and total protein
and multiplied by 100 to express in percent. All
experiments were performed in duplicates.
Influence of temperature, sunflower meal concentrations and extraction time on protein extractability
After identifying optimal pH and NaCl concentrations, additional experiments were carried out
to evaluate the influence of temperature, sunflower
meal concentrations, and extraction time on protein extractability. Protein extraction and protein
quantification were conducted as described above
but at different parameter combinations. The temperature was studied at 20ºC, 30ºC, and 40ºC that
were maintained in a water bath shaker (New
Brunswick, Edison, NJ, USA). The evaluation was
performed at three NaCl concentrations (7.5%,
10.0%, and 12.5%) and two pH values (5 and 6).
Meal-to-solvent ratio corresponding to 2.5, 5.0,
7.5, 10.0, 12.5, 15.0, and 20.0% sunflower meal
and extraction time varying from 15 to 90 min with
an increment of 15 min were studied at pH 6.0 and
10% NaCl solution as a solvent. The extraction
time study was performed with suspensions containing 2.5%, 5.0%, and 10.0% sunflower meal.

Statistical analysis
Statistical analysis was performed using the
Statistical Package for the Social Sciences (SPSS)
program (IBM SPSS Stattistics, Somers, NY,
USA). Presented results are averaged means of
at least two independent experiments ± standard
deviations. Mean differences and between-subject
effect were established by one-way analysis of
variance (ANOVA) using the general linear model
procedure and Duncan’s multiple comparison test.
Statistical differences were considered significant
at p < 0.05.

Results and Discussion
Biochemical characteristics of sunflower meal
Biochemical composition of sunflower meal is
an important characteristic, which determines its
utilization in both food and feed industries. It varies depending on numerous factors including variety differences, growth conditions and applied
agricultural practices (Senkoylu and Dale, 1999;
Rosa et al., 2009). The sunflower meal used in our
study contained high fiber concentration (43.46%)
(Table 1). The insoluble fibers (40.8%) greatly exceeded the soluble part (2.66%) which limits the
application of the sunflower meal as a feed ingredient in animal nutrition. In contrast, 96% out of
the total protein (43.15%) was found soluble in
Table 1
Biochemical characteristics of sunflower meal
Biochemical component
Dry matter
Total protein
Soluble protein*
Crude fat
Fibers:
·     insoluble
·     soluble
Ash
* - total protein soluble in 0.4% Na2CO3

Content. %
92.15
43.15
41.3
0.76
43.46
40.80
2.66
7.63
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0.4% Na2CO3. The relatively high protein fraction
combined with low remains of crude fat (0.76%)
demonstrated the potential of the studied sunflower meal to serve as an appropriate source for the
preparation of protein isolates.
Influence of NaCl concentrations and pH on protein extractability
The influence of NaCl concentrations and pH
on protein extractability from the studied sunflower meal was explored by a series of experiments including various concentrations of NaCl
and pH. The protein extraction was conducted at
pH ranging from 2 to 10 and NaCl concentrations
varying from 0 to 20% at each pH value. The results obtained in our study demonstrated that the
protein extractability increased with the increase
of pH and reached maximum values in alkaline
medium at pH 10 (Figure 1). Similar results were
obtained by Gheyasuddin et al. (1970) and Pickardt et al. (2009). It is well known that sunflower
seed proteins are mainly consisted of albumins
and globulins, and small amounts of insoluble and
alkali-soluble fractions. According to GonzálezPérez et al. (2004), helianthinin, which accounts
for approximately 85% of the total proteins in

the mature seed, is salt-soluble and is extracted at
greatest extent at рН 8.5. However, oil production
from sunflower seeds under industrial conditions
may be associated with technological steps where
changes in the fractional composition of seed proteins occur. For example, decreases in the amounts
of albumins and globulins accompanied with an
increase in glutelins may be observed as the proportional alternation among fractions depends on
the type and the extent of the treatment. According to Marinchevski (1980) impeded by decreased
protein solubility due to denaturation occurring
during oil, untreated sunflower seeds contained
21.4% water- , 55.4% salt-, and 12.6% alkali-soluble and 10.6% insoluble nitrogen containing fractions. However, the salt-soluble nitrogen-containing fraction in sunflower meal produced after high
temperature treatment of the seeds decreased to
15.2%, while alkali-soluble fraction increased to
29.5%. Insoluble protein fraction (41.8%) significantly increased as well. Therefore, the influence
of NaCl concentrations and pH on protein extractability observed in our study may be explained by
alternation in fractional protein profile caused by
seed treatments preceding the industrial production of the sunflower meal.
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Fig. 1. Effect of NaCI concentrations on protein yield at different pH values
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In our study, NaCl concentrations influenced
protein extractability by a pH dependent manner
(Figure 1). At pH 2, no significant differences in
protein yields (20%) at the various NaCl concentrations were observed. At pH 4, protein yield increased with the increase of NaCl concentrations of
up to 12.5% after which the protein yield remained
unaltered. At the higher pH values, the extraction
of the sunflower protein with 7.5% NaCl resulted
in greatest yield. Further increases in NaCl concentrations did not affect the protein yield.
Highest protein yield (approximately 60%) was
achieved at pH 10 and NaCl concentrations ranging from 7.5 to 12.5%. However, protein extracts
obtained at high alkaline pH are dark-colored and
inappropriate for human consumption, which is
due to the oxidation of phenolic compounds and
their interactions with proteins (Synge, 1975; Sahidi and Naczk, 2004). In our study, at pH 10, 35%
from the much-extracted phenolic compounds coprecipitated with the proteins, while pH 6 favored
the co-precipitation of 20% phenols only (data not
given). In addition, higher NaCl concentrations
prevent protein-phenol interactions, which lead to
the production of higher quality protein, isolates
(Pickardt et al., 2009). Although highest protein
yield was achieved at pH 10, further experiments
were performed at pH 5 and pH 6 in aqua solutions
containing 7.5%, 10.0% and 12.5% NaCl to avoid
the negative effects of the alkaline extraction. The
protein recovery under the chosen conditions was
lower (approximately 50%) but light colored pro-
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tein isolates were obtained. Since the initial pH of
the protein suspension was 5.8 ± 0.1, additional
pH adjustment was not necessary.
Influence of temperature on protein extractability from sunflower meal
Protein extractability from sunflower meal was
studied at 20оС, 30оС и 40оС. Higher temperatures
were avoided to prevent further alternations in the
fractional composition of the proteins. In addition,
according to Marinchevski (1980), temperature
increments in the range from 30оС to 60оС had
negligible influence on sunflower protein extractability. In our study, for both pH (5 and 6), the
protein yields obtained at 20оС and 30оС were not
influenced either by temperature or NaCl concentrations (Table 2). Statistical enhancement of the
protein yield was observed at 40оС but NaCl concentrations remained insignificant determinants of
the protein extractability.
While at pH 6 the protein extraction with 7.5%
and 10.0% NaCl reached 53.57% и 52.15% of the
total protein content of the sunflower meal, the
protein yield at pH 5 did not exceed 50%. Similar increases in protein yields at 40-45оС were reported by Gheyasuddin et al. (1970) and Pickardt
et al. (2009).
Influence of sunflower meal concentrations on
protein extractability
Optimal ratio between sunflower meal and an
extracting agent is important for achieving high
protein yield at a low cost of production while

Table 2
Influence of temperature on protein yield
Protein yield, %
NaCl,%

pH 5
pH 6
20ºC
30ºC
40ºC
20ºC
30ºC
40ºC
42.82±1.03b,B
49.41±0.37a,A
44.57±0.66b,B
46.49±0.79a,B
53.57±1.03a,A
7.5
43.28±0.73ab,B
10.0
43.65±1.01a,B
44.35±0.80a,B
50.00±0.68a,A
47.25±0.30a,B
46.99±0.84a,B
52.15±0.81ab,A
b,B
b,B
a,A
b,B
b,B
12.5
42.12±0.88
42.67±0.53
49.13±1.53
45.45±1.78
42.53±0.61
50.03±2.16b,A
a-b
A-B
Means within a column not sharing a common letter are significantly different (p < 0.05). Means in a row followed by
different capital letters are significantly different (p < 0.05).						
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Protein yield, %

avoiding a negative environmental impact. High
sunflower meal concentrations do not ensure and
may even interfere with the efficiency of protein extraction. The utilization of low amounts of
sunflower meal for extraction purpose, however,
requires large volumes of the extracting agent,
which would increase the production cost of protein isolates. The resulting protein extract would
be diluted and the subsequent step of precipitation
impeded.
In our study, the influence of sunflower meal
concentrations was studied in the range from 2.5%
to 20.0%, at pH 6, 10.0% NaCl and room temperature. Data were presented in Figure 2. The highest
(51.5%) - and the lowest protein yields (41.9%)
were obtained at 2.5% and 20% sunflower meal
respectively. The incremental increases of the sunflower meal from 5% to 15% did not substantially
modulate the protein yields (48.2% to 46.9%).
However, the highest protein concentration in the
extract (33.35 mg/ml) was calculated when 20%
sunflower meal was used, followed by 18.9 mg/
ml and 5.12 mg/ml when 10% and 2.5% sunflower
meal were extracted respectively. Therefore, the
utilization of 10% sunflower meal may be considered appropriate and efficient for protein extrac53
52
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tion since both the protein yield and the protein
concentration in the extract were considerable.
Other reports also recommended 5.0% (Taha et al.,
1981; Pickardt et al., 2009) or 10.0% (Gheyasuddin et al., 1970; Marinchevski, 1980) sunflower
meal when used for protein isolation purposes.
Influence of extraction time on protein yield
The influence of extraction time on protein
yield was monitored for the period from 15 to 90
min with an increment of 15 min and 3 sunflower
meal concentrations including 2.5%, 5% and 10%
(pH 6, 10% NaCl). The most efficient extraction
occurred during the first 15 min as indicated by
the protein yields, which consisted approximately
90% of the total extractable proteins under studied
conditions (Table 3). Enhancement of the protein
yields with 10-12% was observed when the extraction was conducted for 60 min or 75 min where
2.5% and 5.0% or 10.0% sunflower meal were used
respectively (Table 3). Marinchevski (1980) reported that 30-40 min were required for maximum
extractability of sunflower proteins in alkaline medium, but in acidic medium, the extraction time
was extended to 60 min to receive similar results
which is close to the data obtained in our study.

15

20

25

Sunflower meal, %

Fig. 2. Influence of sunflower meal concentrations on protein extrability.
Standard deviations do not exceed ± 2.4
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Rahma and Rao (1981) obtained maximum protein yields under similar conditions, namely 10%
NaCI, 10% sunflower meal and 60 min extraction
time. Gheyasuddin et al. (1970) established 15 min
to be sufficient for the achievement of maximum
protein yield. Based on our results, 60-75 min extraction time was required to obtain maximum protein yields from sunflower meal, which, however,
could be reduced to 15 min if necessary.

Сonclusion
Sunflower meal produced after industrial oil
extraction from heat-treated sunflower seeds was
used in our study. It was established that 96% of
the total protein content of the sunflower meal
(43.15%) was soluble in 0.4% Na2CO3 that makes
it suitable for the preparation of protein isolates.
Our study demonstrated that by extracting 10%
sunflower meal with 10% NaCl, at pH6 and 40оС
for the period of 60-75 min, a protein yield greater
than 50% at diminished protein-phenol interaction
could be achieved.
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