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SUMMARY. The objective of this work was to determine the 
functional properties of sunflowerseed meal var. Anhandy obtained 
through ethanol intermittent oil extraction in four concentrations 
(99°GL, 96°GL, 93°GL and 90°GL). Meal nitrogen solubility and 
dispersibility, and oil absorption capacities were evaluated. The 
highest protein solubility (70%) was obtained in 93°GL extraction 
meal. 99°GL and 90°GL extracted meals showed the best water 
absorption performances ( 11.4 ml H20/g protein), while 96°GL meal 
was the best in oil absorption (7.3 ml free oil absorbed/g protein). The 
highest nitrogen dispersibility was found in 96°GL and 99°GL meals 
(1.6% dispersed nitrogen or ca. 27% yield). Nitrogen solubility 
essays in salt solutions indicated that pH 11 was the best; however, 
the yield was even lower than in aqueous solutions. Meals obtained 
with more concentrated ethanol-water solutions were indicated for 
further processing to concentrates and isolates.

RESUMEN. Propiedades funcionales de harinas de semillas de 
girasol obtenidas por extracción con etanol. Con este trabajo se 
buscó determinar las propiedades funcionales de la harinade semillas 
de girasol var, Anhandy, obtenida por extracción discontinua del 
aceite con etanol en cuatro concentraciones (99° GL, 96°GL, 93°GL 
y 90°GL). Fueron determinadas la solubilidad y la dispersibilidad del 
nitrógeno y la absorción de agua y aceite por la harina. La más alta 
solubilidad de proteina fue encontrada en el producto obtenido por 
alcohol de 93°GL, la mejor absorción de agua ocurrió en las harinas 
producidas con alcohol de 99°GL y 90°GL (11,4 mi H20/g proteina) 
y la mejor absorción de aceite fue detectada en la harina de 96° GL 
y 99°GL (1,6% N disperso, o rendimiento de 27%). Los ensayos de 
solubilidad en soluciones salinas apuntaron los mejores resultados a 
pH 11; sin embargo el rendimiento fue inferior al de las soluciones 
acuosas. Las harinas obtenidas con mezclas hidroalcoholicas de más 
alto grado fueron recomendadas para la producción de concentrados 
y aislados proteicos.

INTRODUCTION

Oilseed proteins are used in food formulations for human 
consumption in the forms of concentrates and isolates. 
Sunflower seeds produce an oil with excellent cooking and 
nutritional qualities. The seeds and meal contain many essential 
amino acids but are though defficient in lisine and isoleucine, 
they are also free from antinutritional compounds (1,2,3,4). 
The proteins in sunflower seeds have 90% disgestibility and 
60% biological values (5). However, some inherent problems 
like the high hull content, and presence of cholorogenic acid 
that darkens the meal when under alkaline conditions, should
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not be forgotten (6). The highest chlorogenic acid contents are 
found in the kernels, which explains it is not be hulls left on the 
seed that impart dark green or brown colors to the protein 
concentrates obtained from meals, when whole seeds are 
processed (7,8). Reportedly, the presence of this phenolic acid 
does not affect the nutritional properties of the meal (6). 
Previous researches have demonstrated that ethanol extraction 
of sunflower oil is feasible (9) and that chlorogenic acid can be 
extracted using ethanol diluted with water (10) or by solvent 
mixtures (11). However, hydrated ethanol prevents total 
isolation of the protein (6). This protein does not seem to 
interact with the seed phenolic acids, in a way that reduces the 
yield of protein recovery (12). Minimum solubility of sunflower 
nitrogen compounds occurs in the range pH 3 to pH 7 (6,13,14) 
and maximum above pH 8 (6,15,5,16). Solubility can be 
enhanced by the presence of sodium or calcium ions at pH 
values under 8 (17,23).
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Based on findings, the objective of this woik was to 
determine functional properties o f meals produced fromethanol 
extractions of oil as a continuity of former research from our 
laboratory (9).

MATERIAL AND METHODS

Whole oil-type sunflower seeds var. Anhandy were 
hydraullicaly pressed and the cakes deoiled by intermittent 
extractions with four ethanol concentrations (99°GL, 96°GL, 
93°GLand90°GL)foreighthoursat89°C,usingtheequipment 
and process described by Regitano-d’ Arce & Lima (10). The 
meals were prepared for this study by fine grinding in a Wiley 
type mill. The oil content of themealswas determined according 
to the ItalinaNorme Grassi e Derivati NGD A-4 (18). Moisture 
determinations were conducted according to the analytical 
procedures of the Instituto Adolfo Lutz (19). The total nitrogen 
content was determined according to the micro Kjeldahl 
procedure (20) and multiplied by 6.25 to estimate ande 
protein content Nitrogen solubility curves w an determined 
on lg  meal dispersed in 50 ml aqueous or saline solutions 
between pH values of 1 and 12, at room temperature. After 
shaking for one hour, pH was checked and solutions were 
centrifuged for 20 minutes at350x G. Nitrogen was determined 
in aliquots of the clear supernatant in micro Kjeldahl apparatus 
(20). The salts employed were CaCl2 and NaCl. Dispersibility 
was determined by shaking 0.5 g meal in 25 ml distilled water 
atpH7 for 15 minutes, and resting for one hour before reading. 
Water and oil absorption capacities were determined on 0.5 g 
meal homogeneized in 5 ml water (or refined soybean oil) in 
graduated centrifuge tubes. After a 30 minute holding period 
at room temperature, the tubes were centrifuged for an 
additional 30 minutes at 350 x G, and the volume of free water 
or oil was read. The retained water/g protein was calculated 
according to Sosulski & Fleming (21) and the absorbed oil 
amount/g protein was calculated according to Lin et al (22).

RESULTS AND DISCUSSION

Oil contents of the meals increased as the ethanol 
concentration employed in the process decreased (Tables 1 
and 2). Average moisture contents of the meals were 11.7%. 
Figure 1 shows almost the same nitrogen solubility behavior 
for all the four meals studied. Minimum solubility was found 
between pH 3.5 and 4.5 and the maximum solubility in the 
narrow range of pH 11.1 and 11.6. Meal nitrogen compounds 
solubility rose at pH values higher than 3. The observed and 
expect (6) decrease in solubility was somewhat proportional 
to the decrease in ethanol strength used to obtain the meals. 
Nevertheless, close to the pH range o f maximum solubility, all 
meals gave only 63% to 70% yields. When working with 1M 
CaCl2  solutions (Figure 2) the solubility increased at low 
values as verified by Bau et al. (23). The 96°GL meals had

greater yields than 99°GL meals, but both yields were lower 
than in aqueous solutions (max. 45.2%). pH 11 was the point 
of maximum solubility. When working with 0.5M CaCl2  
(Figure 3), an increase in solubility in the pH 3 to 6 range was 
noticed when compared to the 1M CaCl2 . With M NaCl the 
nitrogen compounds didnot seem to be as strongly affected by 
the salt and solubilized in an increasing way with gradual pH 
increase from pH 3.5. Maximum solubility was attained by 
99°GL meal at pH 12 (48.9% yield).

FIGURE 1 
Sunflower meal protein solubility in water
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FIGURE 2
Sunflower meal protein solubility in M CaCl2
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FIGURE 3
Sunflower meal protein solubility in 0.5m CaCl2  

and N NaCl
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TABLE 1
COMPOSITION OF MEALS USED IN THE NITROGEN 

SOLUBILITY IN WATER SUSPENSION ESSAYS: 
OIL AND PROTEIN (N X 6.25), DRY MATTER BASIS

EtOH-Extracted
meal Oil (%) Protein (%)

99° GL 2.0 37.0
96° GL 5.8 34.8
93° GL 12.0 29.7
90° GL 21.5 28.8

TABLE 2
COMPOSITION OF MEALS USED IN THE NITROGEN 

SOLUBILITY IN SALT SOLUTIONS ESSAYS:
OIL AND PROTEIN (N X 6.25), DRY MATTER BASIS

EtOH-Extracted
meal Oil (%) Protein (%)

99° GL 0.4 44.5
96° GL 0.7 41.9
93° GL 2.6 39.1
90° GL 12.7 36.1

The observations on low solubility in acid medium were 
confirmed by the dispersibility results (T able 3). The pH of the 
distilled water employed in the tests was 4.5. Meals obtained

using the less hydrated ethanol had higher nitrogen 
dispersibilities under our conditions of work. The difference 
in performance is very relevant, when yield is considered (g 
protein dispersed/total meal protein). Nevertheless, yields are 
still low.

TABLE 3
PERCENTAGE OF DISPERSED NITROGEN IN THE 

MEALS FROM TABLE 2, AND YIELD 
IN % PROTEIN DISPERSED % PROTEIN MEAL X 100

EtOH-Extracted meals

99°G L96°GL 93°GL 90°GL

% N 1.60 1.62 0.66 0.67
Yield (%) 27.7 25.9 9.8 9.4

Table 4 shows that water absorption is proportional to the 
protein content of the meal, in accordance with Fleming et al. 
(24). When considering oil absorption capacity, a relative 
tendence to absorb more oil, at higher oil contents in the meals 
(in ml oil/g protein) was observed.

This initial evaluation indicated that sunflower meals 
obtained from whole seeds extracted with ethanol can be 
employed in food industries either forprotein isolate production 
or for its protein participation in food formulations.

TABLE4
WATER AND OIL ABSORPTION CAPACITIES OF 

MEALS FROM TABLE 2 IN ML WATER 
OR OIL/G PROTEIN OR PER G MEAL

EtOH-Extracted meals
99°GL 96°GL 93°GL 90°GL

H2 O content 5.07 4.57 4.26 4.12
H2 O absorption 11.4 10.9 10.9 11.4

Oil content 2.67 3.06 2.23 2.27
Oil absorption 6.0 7.3 5.7 6.3
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