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ABSTRACT

Eighty mesh sunflower seed defatted flour (DF) was
prepared from manually dehulled and coarsely ground seeds after
oil extraction with n-hexane. This flour was treated with acidic
ethanol to remove chlorogenic acid (CGA). The effect of such
treatment on the amino acid composition of the DF and on the
chemical composition, color and funciional properties of the DF,
protein concentrate (PC) and protein isolate (Plg) prepared from

treated DF were evaluated using soybean DF as a reference. The
results indicated that sunflower kernels contained 54.41 oil, 27.73
protein, 3.29 ash, 3.36 fiber and 10.50% carbohydrates (Dry basis)
and the extraction of oil led to an increase in ail other constitueats
in the obtained DF, cspecially protein content. There was ne¢
substantial difference in the chemical score values of both
untreated and treated DF of sunflower seed and lysine was the
most limiting amino acid in both of them, whereas sulphur amino
acids were the most limiting in the case of soybean DF. The Pl
prepared from untreated sunflower DF appeared decidedly dark
and brown to the naked eye and the change of its color was
extreme (that’s why, it was omitted in the study of functional
properties), while all other samples appeared light in color and
similar to each other. These results were confirmed with the color
analysis. The proteins of sunflower DFg were substantially less
soluble at acidic pH than soybean proteins, whereas at alkaline pH,
especially at pH 9 and above, all the three flours were highly
soluble. As compared to sunflower DFs, PC had fairly sharp
solubility minimum around pH 5, while PI; showed a solubility

profile of u-shaped pattern similar to that of soybean DF.
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Sunflower DF treated with acidic ethanol had good functional
properties. This flour had an oil absorption capacity (OAC), oil
emulsification capacity (EC) and foaming properties better than
those of soybean DF in addition .to gelation properties similar to
soybean DF. On the other hand, the PC and Pls prepared from this
flour also exhibited good functional properties in terms of water
absorption capacity (WAC), OAC, EC and foaming as well as
gelation properties.

Considering the good functional properties, the high protein
content and the excellent amino acid composition in addition to
possibility of preparation of accepted white color isolate, sunflower
DF treated with acidic ethanol as well as the PC and Pl prepared

may be successfully used in many food formulations as sources of
protein and as good functional ingredients.

INTRODUCTION

It is well known that, Egypt is facing a shortage of edible oil and
also of low price protein. Oil seeds represent a major potential for
increasing oil and protein supplies but more attention should be given
to the importance of oilseed meals and their other protein ingredients
such as protein concentrates and protein isolates as sources of
supplementary protein of high quality food for people. Steps have to
be taken to bring large areas of land under oilseeds production (peanut,
sesame, sunflower, soybean, cotton and safflower seeds) and to
‘improve productivity through improved seeds, inputs, pest control and
better agricultural production to boost up the oil and protein
production.

Sunflower (Helianthus annus L.) is one of the major sources of
vegetable oil in the world, its seeds contain nearly 25% protein and the
defatted meal is rich in protein (about 55%). Because of its high
nutrient content and the absence of any known toxic or antinutritional
factors, sunflower meal represents a promising new source of human
protein food (Sosulski, 1979). But, the major problem in the utilization
of sunflower seed protein ingredients as a food supplement is their
dark greenish-brown color due to the oxidation of chlorogenic acid
(CGA) under alkaline conditions and to produce a food-grade product
from sunflower meal, it needs to remove CGA, the major polyphenolic
constituent of the seeds responsible of the darkening of protein during
the alkaline extraction (Lusas, 1985). However, many publications on
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the removal of CGA from either kernels or defatted meals in order to
obtain white color protein isolates from sunflower seeds (Sabir et al.,
1973 a, b; Fan and Sosulski, 1976; Sodini and Canella, 1977; Rahma
and Narasinga Rao, 1979, 1981a; Taha et al., 1982; Lusas, 1985 and
Vaintraub and Bastryging, 1989) including washing with acidic
butanol or ethanol.

The use of plant protein as an ingredient in food formulation is
dependent on their functional properties and for their application, it is
necessary that their functional properties should be investigated and if
necessary, desirable functional properties should be incorporated in the
protein through modification (Were et al., 1997 and Bora, 2002).

However, sunflower proteins have been studied for their isolation
and characterization (Rahma and Narasinga Rao, 1979 & 1981b),
effect of enzymatic hydrolysis (Cai et al., 1996), wet and dry heating
(Aruna Venktesh and Prakash, 1993), succinylation (Schwenke and
Rauschal, 1983) and acetylation (Canella et al., 1979) on their
physicochemical properties. Gueguen et al. (1996) studied the
emulsifying and foaming properties of the 2S albumin of sunflower.

The present investigation deals with the preparation of an edible
defatted flour (DF) from sunflower seeds. This flour was treated (DF-t)
with acidic-ethanol for the removal of chlorogenic acid (CGA) and
then used for the preparation of protein concentrate (PC) and protein
isolate (PIg) which was also prepared from untreated flour by the

traditional alkali extraction-acid precipitation procedure. The
proximate composition, the color values and the functional properties
of these protein ingredients were determined. The amino acid
composition of the defatted flours (both treated and untreated) was
also determined. For purpose of comparison, soybean defatted flour
was used in the study as a reference.

MATERIALS AND METHODS
Materials:

Sunflower seeds (Helianthus annus L.), an oil type authentic
variety “Miak” grown in Sohag Governorate during the year 2005
were obtained (10 Kg) from the Seed Department, Ministry of
Agriculture, Giza, Egypt. The seeds were manually cleaned and kept in
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cloth bags at RT until used. Hesco defatted soy flour from Hesco,
Watertown, South Dakota, USA. Corn oil (Crystal brand) was
purchased from the local market.

Methods:

Preparation of defatted flour (DF): was carried out following the
procedure of Cai ef al. (1996). The seeds were dehulled manually,
coarsely ground in an electric grinder (Moulinex-France) and extracted
with n-hexane until the oil content was less than 1.0% in a large
soxhelt apparatus. The DF was desolventized by air-drying for 72
hours at 25-30°C and then pulverized to obtain fine flour of 80 mesh
and stored in a desiccator at 5°C (Huffman et al., 1975). Hesco
soybean DF was further defatted to assure an oil content less than
1.0% and was also obtained in the same manner like sunflower DF to
be used as a reference sample.

Preparation of sunflower protein concentrate (PC): DF was
dispersed in distilled water (1:10, w/v) by stirring constantly for 30
min with a magnetic stirrer. The pH was adjusted to pH 5.0 using 1.0
N HCI and extraction continued by stirring for another 30 min. The
dispersion was then centrifuged at 4000 rpm for 15 min (using
Beckman Model J-21C centrifuge-USA) and the precipitate was
resuspended in distilled water to a heavy suspension and adjusted to
pH 7.0 using 1 N NaOH and freeze-dried (Lusas, 1985).

Preparation of sunflower protein isolate (PLg): was made according

to the procedure reported by Rahma and Narasinga Rao (1979) with
slight modification. The DF (100 g) was mixed with 1 liter of water
and the pH adjusted to 10 by the addition of 1 N NaOH solution. It
was stirred for 1 hr, centrifuged at 4000 rpm for 20 min and the pH of
the supernatant adjusted to pH 5. The resultant precipitates were
removed by centrifugation adjusted to pH 7 and freeze-dried.

Removal of chlorogenic acid (CGA): was carried aut according to
the procedure described by Rahma and Narasinga Rao (1979). The DF
was packed into a column and washed twice with 0.001 N HCI (pH 5).
It was followed by washing with 50% ethy! alcohol until the washings
did not develop yellow color with NaOH. The flour was then blended
with cold distilled water. It was centrifuged at 4000 rpm for 15 min the
residue washed with diethyl ether and dried in the air at room
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temperature (25-30°C). All the extraction operations were done in the
cold. The DF, thus treated did not give a positive test for CGA and its
discoloration at pH 10 did not occur.

Chemical analysis: Moisture, crude fat, crude protein (N x 6.25),
crude fibers and ash contents were determined according to standard
AOAC (1995) methods. Carbohydrate was calculated by difference.
Amino acids composition was determined using a Beckman amino
acid analyzer model 119 CL (USA) according to Spackman et al.
(1958) after hydrolysis with 6 N HCIl at 110°C for 24 hours.
Tryptophan was determined colorimetrically after alkaline hydrolysis
with 4.2 N NaOH at 110°C for 24 hours according to the method
described by Blauth ef al. (1963). Amino acid score of proteins was
calculated as % of the scoring pattern suggested by FAO/WHO (1973).
Coler: was measured on a color difference meter (model color Tec-
PCM, USA) using different color parameters (lightness (L); redness
(a) and yellowness (b)) according to Francis (1983). The average of
three determinations + SD was reported for each value.

Functional properties:

Nitrogen solubility. was determined according to Rahma and
Narasinga Rao (1979) and Lawal et al. (2007) with slight
modification. To one gram of defatted flour or to a half gram of either
protein concentrate or isolate, 20 ml of distilled water were added and
the pH of the suspension adjusted to the desired value by adding 1 N
HCI or 1 N NaOH. The suspension was then shaken for 1 hr at room
temperature (25°C), centrifuged at 4000 rpm for 30 min and the pH of
the supernatant noted. Aliquots of 10 ml were taken for nitrogen
estimation by the kjeldahl method. The percentage of nitrogen was
calculated and plotted against corresponding pH values in the pH
range 1-11.

Bulk density: was determined according to Bencini (1986) by
weighing 50 ml of the powdered sample and expressed as g/ml.

Water absorption capacity (WAC): expressed as the amount of
water (g) retained by 100g of the residue after giving the correction for
soluble solids.

Oil absorption capacity (OAC) expressed as the amount of oil (g)
bound by 100g of the sample.
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Gelation properties expressed as the least gelation concentration
(LGC) were determined as described earlier (Zaghloul et al., 2005).
Emulsification capacity (EC): Two grams of the sample were
suspended in 100 m] distilled water in a blender jar and blended for 30
sec at low speed using “National super blender-Japan”. After complete
dispersion, corn oil was added continuously at a rate of 0.5 ml/sec by
burette while blending until the emulsion break point was visually
reached. EC was expressed as ml oil emulsified by 100 m! of 2% (w/v)
sample suspension (Thekoronye, 1986).

Foaming capacity (FC) and Foam stability (FS): 100 ml of distilled
water were added to 3 g sample and the mixture whipped at highest
speed for 5 min in “National super blender-Japan” and poured into a
250 ml measuring cylinder. The volume of foam at 30 sec was
recorded and the percent volume increase was expressed as FC. The
foam stability was determined by recording the decrease in volume of
foam as percentage of the initial foam volume as a function of time up
to a period of 120 min (Lin et al., 1974 and Aruna Venktesh and
Prakash, 1993).

RESULTS AND DISCUSSION .
Proximate composition:

The proximate composition (on dry weight basis) of the manually
dehulled kernels and the protein ingredients prepared from sunflower
seeds is presented in Table 1. The data showed that kernels contained
54.41% fat, 27.73% protein, 3.99% ash, 3.36% fiber and 10.50%
carbohydrates. Extraction of oil led to an increase in all other
constituents in the obtained defatted flour “DF” (Less than 1.0% fat)
and the major increase was in protein content (58.05%). This showed
that sunflower seed DF is a good source of protein. The protein content
was 72.23% and 97.58% in the protein concentrate (PC) and isolate
(PIg) prepared from treated DF, respectively. Ash content decreased in

both PC (2.32%) and PIg (1.89%) compared to the DF (6.50%) from

which, they were prepared. Both fiber and carbohydrates were
completely absent in the PIg. This could be attributed to the removal of

water-insoluble polysaccharides as well as the water-soluble sugars

-854-



Properties of protein prepared from defatted sunflower seeds

during the preparation of PIg. Soybean DF had a protein content of

55.27%, lower than that of sunflower DF by about 3.0 and 5.0% and a
carbohydrate content of 31.99% which was higher than that of
sunflower DF by about 4.0 and 5.0% for both untreated and treated
flour, respectively. When compare the proximate composition of the
reated-DF for the removal of chlorogenic acid with that of the
untreated-DF, the treated flour had some decreases in fat content (from
0.95 to 0.73%), ash (from 7.84 to 6.5%) and carbohydrates {from
27.86 to 26.65%), whereas had some increases in protein (from 38.0%5
to 60.02%) and crude fiber (from 5.30 to 6.09%). This could be due to
the washing process with acid water, followed by aicohol, which may
led to some ioss in fat, ash and carbohydrates by washing them out.
Table 1: Proximate composition* of kernels, defatted flour (DF);
preotein concentrate (PC) and protein isolate (PIg)

prepared from treated** sunflower DF (as % on dry

weight basis).
Samples of protein ingredients

Constituents from sunflower seed Soybean
(%) DF DF** DF***
Kernels (untreated)| (treated) PC Pls
Moisture 4.80+0.1 | 5.6+0.1 | 4.7040.1 | 5.30+0.1 | 5.10+6.1 | 6.80+0.1
Crude Fat 54.41+0.2 | 0.95+0.0 | 0.73+0.0 | 0.74+0.0 | 0.53+0.0 | 0.98+0.0
Protein(T.Nx6.25) | 27.73+0.2 | 58.05+0.3 | 60.02+0.3 | 72.23+0.3 } 97.58+0.3 | 55.27+0.3
Ash 3.99+0.1 ] 7.84+0.2 | 6.5010.2 | 2.32+0.1 | 1.89+0.1 | 6.26+0.2
Fibers 3.36+0.1 | 5.30+0.2 | 6.09+6.2 | 6.55+0.2 0.0 5.501+0.2

difference) L L

Carbohydrates (by |10.50+0.2 | 27.86+0.3 | 26.65+0.3 | 18.1620.2 | 0.0 | 31.99:+03

*  Means of three determinations + SD.
** Treated with acidic ethanol for removal of chlorogenic acid (CGA).
*** Used as a reference. -

Amino acid composition and chemical score:

The amino acid composition of both untreated and treated
sunflower seed DF as well as soybean DF was "determined and
expressed as g amino acid/100g protein (Table 2). The results
indicated that glutamic acid (18.25, 20.84 and 21.03), followed by
aspartic acid (11.52, 9.60 and 9.72), arginine (7.06, 9.32 and 9.05) and
leucine (7.25, 6.68 and 6.78) were the dominant amino acids, while
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methionine (1.32, 2.28 and 2.34), followed by cystine (1.42, 1.52 and
1.58), tryptophan (1.62, 1.56 and 1.55) and histidine (2.40, 2.64 and
2.62) were found in small amounts in the DF of soybean, sunflower
untreated and treated, respectively. These types of defatted flours had
the values of 97.32, 97.30 and 98.21 for total amino acids and the
essential amino acids constituted 35.53, 33.19 and 33.66%, while the
nen-essential amino acids constituted 64.47, 66.81 and 66.34% of the
total amino acids in the same order, respectively. These data showed
that, treatment of the DF of sunflower seeds with acidic ethanol for the

Table2: Amino acid cemposition (g/100g protein) of sunflower seed
defatted flour (DF) “untreated and treated with acidic
ethanol” and soybean DF.

. . Sunflower seed (DF) Soybean
Amiuo acids (AA) untreated treated (DF)"
Aspartic acid 9.60 9.72 11.52
Threonine 3.60 3.86 4.12
Serine 4.04 421 5.20
Glutamic acid 20.84 21.03 18.25
Proline 4.20 4.22 5.20
Glycine 531 5.54 4.14
Alanine 4.42 4.50 4.20
Cystine 1.52 1.58 1.42
Valine” 5.12 5.23 4.75
Methionine” 2.28 2.34 1.32
Isoleucine’ 422 4.48 4.60
Leucine” 6.68 6.78 725
Tyrosine 3.12 2.68 3.35
Phenyl alanine’ 4.85 4.96 4.82
Histidine 2.64 2.62 2.40
Lysine" 3.98 3.86 6.10
Arginine 9.32 9.05 7.06
Tryptophan 1.56 1.55 1.62
Total (AA) 97.30 98.21 97.32
Essential (EAA) 32.29 33.06 34.58
EAA as % of TAA 33.19 33.66 35.53
Non-essential AA (NEAA) | 65.01 65.15 62.74
NEAA as % of TAA 66.81 66.34 64.47

* Essential A A.
*¥ Used as a reference.
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removal of chlorogenic acid did not affect the percentage of the
essential amino acids in the protein and this percentage was slightly
higher (by about 2%) in the protein of soybean DF, compared with that
of either untreated or treated sunflower seed DF.

Table 3 shows the chemical score values of the flour samples. In
suriflower seed, lysine had the least values of (72.36 and 70.18%),
followed by threonine (90 and 96.50%) and leucine (95.43 and
96.86%) for both untreated and treated DF, respectively, while, the rest
of essential amino acids values ranged between 102 (for valine) and
156% (for tryptophan) as percentage of the values of FAO/WHO
pattern.

Table 3: Essential amino acid scores (chemical score) of sunflower
seed defatted flour (DF); “untreated and treated with
acidic ethanol” and soybean DF.

Essential amino FAO/WHO Chemical scores (% of FAO/WHO)
acids (E.A.A.) pattern Sunflower Seed (DF) Soybean**
i (1973) Untreated | Treated* (DF)

Lysine 5.50 72.36 70.18 110.90
Tryptophan 1.00 156.00 155.00 162.00
Isoleucine 4.00 105.50 112.00 115.06
Leucine 7.00 95.43 96.86 103.57
Aromatic A.A.
(Phe + Tyr) 6.00 132.83 127.33 136.17
Threonine 4.00 90.00 - 96.50 183.00
Valine 5.00 102.40 104.60 95.00
Sulphur A.A.
(Met + Cys) 3.50 108.57 112.00 78.29

* For removal of CGA, ** Used as a reference.

In the case of soybean flour, sulphur amino acids (methionine -+
cystine) had the least chemical score value of 78.29%, followed by
valine (95%), while the rest of the essential amino acids had values
over 100% and ranged between 103 (threonine) and 162%
(tryptophan). These data clearly showed no substantial difference in
the chemical score values of both untreated and treated defatted flours
of sunflower seed and lysine was the most limiting amino acid in both
whereas, sulphur amino acids was the most limiting in the case of
soybean defatted flour. These results are in agreement with these of
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Smith (1971) and Lusas (1985) who reported that, lysine was the first
limiting essential amino acid in sunflower meal, whereas it was
methionine in soybean meal and since sunflower meal was higher in
methionine content but lower in lysine, They indicated that advantages
could be gained by feeding mixtures of meals.
Color evaluation:

Treated DF of sunflower seed was used for the preparation of
protein concentrate (PC) and protein isolate (Plg), whereas untreated

DF was used for the preparation of Plg to evaluate the effect of the

alkaline condition during preparation on the color. The color analysis
of these protein ingredients along with soybean DF (for comparison) is
presented in Table 4. The Pl prepared from untreated DF appeared

decidedly brown to the naked eye, unlike all other samples, which
appeared light in color and similar to each other. The results confirmed
that the hue of the Plg prepared from untreated DF tended towards

greenish-brown and was less luminous than other samples. This isolate
had color values of L (42.72%), a {-4.38) and b (13.26). The data
showed that the two types of DF from sunflower seed (untreated and
treated) were very similar and highly comparable in their color values
with soybean DF. The PC had the color values of L (77.14), a (2.5)
and b (9.20) while, the Plg had the values of L (74.76), a (2.58) and b

(9.38) compared to the values of L (82.30), a (1.72) and b (8.74) for
the corresponding treated DIF from which they were prepared. These
results indicated some decrease in lightness and little increase in
yellowness and redness in both PC and Pl prepared from treated DF,

aithough could not be observed with naked eye. This could be due to
Maillard reaction during processing but not due to the oxidation of
chlorogenic acid as in case of PIg prepared from untreated flour where

the change of its color was extreme. Taha ef al. (1982) reported that
the slightly brown coior of the obtained protein isolate could be due to
Maillard reaction during processing and drying.
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Table 4: Color evaluation* of defatted flour (DF) “treated and
treated with acidic ethanol”, protein concentrate (PC)
and protein isolate (PIg) of sunflower seed.

The protein ingredient samples L a b
Soybean DF 82.68 1.68 8.75
Sunflour seed:

DF 82.26 1.78 8.76
DF-t 82.30 1.72 8.74
PC-t" 77.14 2.50 9.20
4 74.76 2.58 9.38
PL® 2.72 -4.38 13.26

* Each value is an average of two determinations.
(1) Prepared from treated defatted flour {(DF-t}.
(2) Prepared from untreated defatted flour (DF).

Functional properties:

Protein isolate, prepared from untreated sunflower seed DF by
the traditional alkali extraction-acid precipitation procedure was
omitted in the study of functionality due to its an unacceptable color.
Protein solubility: Protein solubility profiles of untreated/ treated
sunflower seed and soybean defatted flours (DF), in water at various
pH values are shown in Table 1. The proteins of sunflower DF (either
treated or not) were substantially less soluble at acidic pH than
soybean proteins, whereas at alkaline pH, especially at pH 9.0 and
above, all the three flours were highly soluble, indicating that, it is
possible to produce protein isolates by alkaline extraction, followed by
precipitation at the pH of minimum solubility. However, the pH of
minimum solubility in sunflower DF, ranged between pH 3.0 and pH
6.0 with an isoelectric point (PI) of pH 5.0, whereas, soybean DF had a
sharp solubility minimum, between pH 4.0 and pH 5.0 with PI of pH
4.5. As compared with either soybean DF or sunflower treated DF, the
untreated flour had more protein in the solution at the isoelectric range.
The protein solubility profiles of both the protein concentrate (PC) and
protein isolate (PIg) prepared from treated DF are also shown in Fig. 1.

Like treated flour, PC had fairly sharp solubility minimum around pH
5.0 compared with the broad range of minimum solubility of the
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untreated DF. On the other hand, Pl showed a solubility profile of u-

shaped pattern similar to that of soybean DF and to many profiles
reported in the literature for oilseed proteins (McWatters et al., 1976;
McWatters and Holmes, 1979a,b and Lawal er al., 2007). Protein
isolate had higher solubility values than concentrate, treated or
untreated DF at pH 6.0 and above and at pH 3.0 and lower, while had
higher solubility values than soybean DF at pH 8.0 and above. These
results are in agreement with those of Gheyasuddin e? /., 1970; Mattil,
1971; Canella et al., 1979; Rahma and Narasinga Rao, 1979 and
Schwenke and Rauschal, 1983 regarding the solubility behavior of
sunflower seed proteins.

100

80

60

40 -

Protiea SOlubility (%)

20

Fig. 1: Protein solubility profiles of defatted flours “untreated
(DF) and treated (DF-t) with acidic ethanol”, protein
concentrate (PC) and protein isolate (PIg) of sunflower

seed and soybean DF (as a reference).
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Table 5 illustrates the values of bulk density (BD), water
absorption capacity (WAC), oil absorption capacity (OAC),
emulsification capacity (EC), foaming capacity (FC) and gelation,
expressed as least gel concentration (LGC) of defatted flours (DFy),

protein concentrate(PC) and isolate (Plg) prepared from treated

sunflower seed DF. Bulk density (BD) of acidic ethanol treated DF
(0.284 g/ml) showed an increase compared to the untreated DF (0.264
g/ml). Similar increase in BD of solvent treated seed flours and
proteins was observed by other workers (Kinsella, 1976; Wang and
Kinsella, 1976; and Aruna Venktesh and Prakash, 1993). Soybean DF
showed BD (0.309 g/ml) lower than PIg (0.318), but higher than the

DFg (either treated or untreated) and PC (0.292 g/ml) of sunfiower

seed. BD increased with the increase in protein content of the protein
ingredients prepared from sunflower seed and this agreed with those
obtained by Thekoronye (1986) for peanut DF, PC and Pl;.

Water absorption capacity (WAC): Acidic ethanol treated DF
exhibited a lower WAC (202 g/100g sample) compared to the
untreated DF (228) whereas, both exhibited lower values compared to
that of soybean DF (290). Similar observations were reported by
Aruna and Prakash (1993), who studied the effect of wet heating, dry
heating and washing with acidic butanol on the functional properties of
the total proteins of sunflower. They reported a decrease in the WAC
of the flour due to the acidic butanol treatment and this decrease could
possibly be due to protein aggregation, thus decreasing the surface area
exposed to the water phase. The higher WAC of soybean DF
compared to both treated and untreated sunflower DF may suggest that
soy proteins are more hydrophilic in nature than the sunflower
proteins. The WAC value (340 g/100g) of sunflower PC was the
highest, followed by that of PI; (306) compared to DF samples. These

results suggest that DF and PC have some hydrophilic constituents like
carbohydrates, which bind more water than the protein.
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Table 5: Functional properties* of the defatted flour “untreated
(DF) and treated (DF-t) with acidic ethanol”, protein
concentrate (PC) and protein isolate (Plg) of sunflower

seed and soybean DF (as a reference).

The protein BD WAC | OAC EC FC |Gelation
S g/mi g/100g | g/100g | mloil | % vol. | LGC**
ingredient samples increase | (% w/v)
Soyhean DF 0.309+0.005| 290+5 | 19242 | 120+5 | 78+4 | 10+6
Sunflower seed:

DF 0.264+0.003 ] 228+3 | 294+3 | 242+5 | 21248 | 10+0
DF-t 0.284+0.004| 202+3 | 238+3 | 22845 | 23648 | 10+0
pCc® 0.292+0.005| 34045 | 376+2 | 248+5 | 254+10 | 1240
PL" 0.318+0.005 306+5 | 388+2 | 257+6 |263+10 | 14+0

* Each value is an average of three determinations + SD.

** The concentration at which, the sample from inverted test tube did not
fall down or slip.

(1) Prepared from treated defatted flour (DF-t).

These results are in the same trend with those of Sosulski and
Fleming (1977) who obtained WAC values of 240, 180 and 390
g/100g for soybean DF, sunflower DF and PC, respectively. They
reported that soybean proteins have higher WAC than their sunflower
seed counter parts.

Qil absorption capacity (OAC): The data in Table 5 clearly show that
sovbean DF had the least value of OAC (192) compared to sunflower
untreated DF (294), treated DF (238), PC (376) and PIg (388 g

0il/100g).

Treated DF exhibited lower OAC than the untreated DF. The data
also showed that for all the studied sunflower protein ingredients, the
OAC values were extended with the increase in protein content from
the flour to the isolate. These data are in the same trend with those
obtained by Lin ef al. (1974). They reported that, all sunflower protein
products bound more oil than the soy products and in this regard,
structurally, the sunflower proteins could be more lipophilic than the
soy proteins. Aruna Venktesh and Prakash (1993) reported OAC
values of 286% for sunflower DF and 130% for acidic butano! treated
DF (the flour was washed 7 times with acidic butanol at pH 5.8) and
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they attributed this decrease in OAC of the treated flour to the
aggregation of the protein, which reduces the number of nonpolar
residues that are exposed.

The emulsification capacity (EC): The results are expressed as ml oil
emulsified by 100 ml of 2% (w/v) sample suspension and presented in
Table 5. These results showed that, soybean DF had the lowest EC
value (120) compared to sunflower untreated DF (242), treated DF
(228), PC (248) and PIs (257). Treated DF exhibited lower EC than the
untreated DF, but remained much higher than the corresponding value
for soybean DF. These results are in agreement with those of Lusas
(1985) who reported that sunflower seed DF, PC and PIs exhibit
higher OAC and emulsifying properties and lower WAC than soy
products.

Foaming capacity (FC): It was expressed as % volume increase and
also presented in Table 5. All samples had FC values higher than
soybean DF and the increase of these values was in the direction of the
increase in protein content. The studied samples had the following FC
values: soybean DF (78), sunflower untreated DF (212), treated DF
(236), PC (254) and Pls (263). The acidic ethanol-treated DF had a
higher FC value than that of untreated one, this could be due to the
improved solubility (at pH 7.0) of the treated flour (52%) as compared
to the untreated one (38%).

Foam stability (FS): as % foam volume of the initial volume of foam
versus time is shown in Fig. 2. Both treated and untreated sunflower
DF possessed higher FS values than soybean DF at all studied period
of 120 min, whereas the treated sunflower DF was equal or slightly
better than the untreated one regarding the stability of foam up to first
25 min then started to decrease in a higher rate. On the other hand, the
falling rate of foam volume was fast in the initial 15 min for PC, the
initial 8 min for Plg after which, it was slower up to 30 min for PC, up

to 20 min for PIg then reached plateau.

The obtained results indicated that sunflower DF treated with
acidic ethanol had higher FC and FS compared to soybean DF and
such treatment enhanced its FC, while there was only a marginal
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decrease in its FS. Moreover, the PC and Pl prepared from this treated
flour showed also good foam ability.

—==58—— Soy DF
-—o— DF

100 - —&— DF-i
—*——PIs

80 -

60 -

40 -

20

0 20 40 60 80 100 120
Time {min)

Fig. 2: Foam stability versus time curves for the defatted flour
“untreated (DF) and treated (DF-t) with acidic ethanol”,
protein concentrate (PC) and protein isolate (PLg) of

sunflower seed and soybean DF (as a reference).

Lin et al. (1974) reported that both sunflower DF and PC
increased in volume by about 230% compared to 70% for the soy DF
and 170% for soy PC. Sosulski and Fleming (1977) found that
sunflower products showed better whippability and foam stability than
their soybean counter parts while, Kabirullah and Wills (1988)
reported that, foaming properties of sunflower protein isolate were
similar to that of soy protein isolate. On the other hand, Lin et al.
(1974) and Canella, (1978) reported that, protein concentrates and
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isolated of sunflower had foaming properties that approach those of
fresh egg white and sunflower proteins had excellent foam stability.
Gelation, expressed as least gelation concentration (L.GC) is
shown in Table 5. All studied flour samples (soybean DF, sunflower
untreated and treated DF) formed a strong gel at LGC of 10%
compared to 12% for PC and 14% for PIg of sunflower seed. Sosulski

(1979) reported that, proteins of sunflower thicken and ge! when
heated, indicating the potential usefulness in custard-type puddings,
sauces and sausage emuision.

The resuits of this study indicated that sunflower DF treated
with acidic ethanol had good functional properties and could be used
to prepare white color protein isolate using the traditional alkali
extraction-acid precipitation procedure. This flour had an oil
absorption capacity, oil emulsification capacity and foaming properties
better than those of soybean DF in addition to similar gelation
properties. On the other hand, protein concentrate and isolate prepared
from sunflower treated DF aiso exhibited good functional properties in
terms of WAC, OAC, emulsification and foaming as well as gelation
properties.

Considering the good functional properties, high protein content
and excellent amino acid composition, sunflower DF as well as the PC
and PIg may be successfully used in many focd formulations as

sources of protein and as good functional ingredients.

REFERENCES

AOAC (1995). Official methods of analysis, 16™ ed. Association of
Official Analytical Chemists International, Arlington,
U.S.A.

Aruna Venktesh. and Prakash, V. (1993). Functiona! properties of
the total proteins of sunflower seed-effect of Physical and
chemical treatments. J. Agric. Food Chem., 41: 18-23.

Bencini, M.C. (1986). Functional properties of drum-dried chickpea
flours. J. Food Sci., 51: 1518-1521, 1526.

-865-



M. M. Zaghloul

Blauth, O. J.; Chareinski, M. and Berbec, H. (1963). A new rapid
method for determining tryptophan. Anal. Biochem., 8: 69-
70.

Bora, P.S. (2002). Functional properties of native and succinylated
lentil (Lens culinaris) globulins. Food Chem., 77: 171-176.

Cai, T.; Chang, K.C. and Lunde, H. (1996). Physicochernical
properties and yields of sunflower protein enzymatic
hydrolysates as affected by enzyme and defatted sunflower
meal. J. Agric. Food Chem., 44: 3500-3506.

Canella, M. (1978). Whipping properties sunflower protein
dispersions. Lebensm-Wiss U. Technol.; 11: 259-261.

Canella, M.; Castriotta, G. and Bernardi, A. (1979). Functional and
physicochemical properties of succinylated and acetylated
sunflower protein. Lebensm-Wiss. U. Technol., 12: 95-101.

Fan, T.Y. and Sosulski, F.W. (1976). New techniques for the
preparation of improved sunflower protein concentrates.
Cereal Chemistry, 53: 118-125.

FAO/WHO (1973). Food and Agriculture Organization/World Health
Organization Expert Committee Energy and Protein
Requirements. FAO Nutrition Meeting Report Series No.
522, Rome.

Francis, F.J. (1983). Colorimetry of foods. In: Physical properties of
foods (ed. Peleg, M. and Edwards, B.B.). pp. 105-123.
Westport, CT: AVI Publishing.

Gheyasuddin, S.; Cater, C.M. and Mattil, K.F. (1970). Effect of
several variables on the extractability of sunflower seed
proteins. J. Food Sci., 35: 453-456.

Gueguen, J.; Popineau, Y.; Anisimova, LLN.; Fido, R.J.; Shewry,
P.R. and Tatham, A.S. (1996). Functionality of the 2S
albumin seed storage proteins from sunflower. J. Agric. Food
Chem,, 44, 1184-89.

Huffman, V.L.; Lee, C.K. and Burns, E.E. (1975). Selected
functional properties of sunflower meal. J. Food Sci., 40:
70-74.

-866-



Properties of protein prepared from defatted sunflower seeds

Thekoronye, A.L (1986). Functiona) properties of meal products of the
Nigerian (red skin” groundnut. I. Sci. Food Agric., 37:
1035.

Kabirullah, M. and Wills, R.B.H.(1988). Foaming properties of
sunflower seed proteins. J. Food Sci. Technol., 25: 16-19.

Kinsella, J.E. (1976). Functional properties of proteins in foods. A
survey. CRC Crit. Rev. Food Sci., Nutr., 7(3): 219-281.

Lawal, O.S.; Adebowale, K.O. and Adebowale, Y.A. (2007).
Functional properties of native and chemically modified
protein concentrates from bambarra groundnut. Food Res.
International,40:1003-1011.

Lin, M.J.Y.; Humbert, E.S. and Sosulski, F.W.(1974). Certain
functional properties of sunflower meal products. J. Food
Sci., 39: 368-370.

Lusas, E.W. (1985). Sunflower seed protein. In New Protein Foods;
Altschul, A.M., Wilcke, H.L., Eds.; Academic Press; New
York, London, Chapter 12, pp. 394-429.

Mattil, K.F. (1971). The functional requirements of proteins for foods.
J. Am. Oil Chem. Soc., 48: 477-480.

McWatters, K.H. and Holmes, M.R. (1979a). Salt concentration, pH
and flour concentration effects on nitrogen solubility and
emuisifying properties of peanut flour. J. Food Sci., 44:
765-769.

McWatters, K.H. and Holmes, M.R. (1979b). Influence of pH and
salt concentration on nitrogen solubility and emulsification
propetties of soy flour. J. Food Sci., 44: 770-773.

McWatters, K.H.; Cherry, J.P. and Holmes, M.R. (1976). Influence
of suspension medium and pH on functional and protein
properties of defatted peanut meal. J. Agric. Food Chem.,
24(3): 517-523.

Rahma, E.H. and Narasinga Rao, M.S. (1979). Characterization of
sunflower proteins. J. Food Sci., 40: 579-582.

Rahma, E.H. and Narasinga Rao, M.S. (1981 a). Removal of
polyphenols from sunflower meal by various solvents:
effects on functional properties. J. Food Sci., 46: 1521-
1526.

-867-



M. M. Zaghloul

Rahma, E.H. and Narasinga Rao, M.S. (1981 b). Isolation and
characterization of the major protein fraction of sunflower
seeds. J. Agric. Food Chem., 29: 518-521.

Sabir, M.A.; Sosulski, F.W. and Fleming, S.E. (1973 a). Continuous
diffusion of chlorogenic acid from sunflower kernels. J.
Food Sci., 38: 468.

Sabir, M.A.; Sosulski, F.W. and Mackenzie, S. L. (1973 b). Gel
chromatography of sunflower proteins. J. Agric. Food
Chem.,21: 988-993.

Schwenke, K.D. and Rauschal, E.J. (1983). Functiona! properties of
plant proteins. Part 6. some functional properties of
succinylated protein isolates from sunflower seed. Nahrung,
27(10): 1015-1024.

Smith, K.J. (1971). Nutritional frame work of oilseed proteins. J. Am,
Oil. Chem. Scc., 48: 425-429,

Sodini, G. and Canella, M. (1977). Acidic butanol removal of color-
forming phenols from sunflower meal. J. Agric. Food
Chem., 25: 822-825.

Sosulski, F.W. (1979). Food uses of sunflower proteins. J. Am. Oil
Chem. Soc., 56: 438-442. ‘

Sosulski, F.W. and Fleming, S.E. (1977). Chemical, functional and
nutritional properties of sunflower protein products. J. Am.
Oil Chem. Soc., 54: 100A-104A.

Spackman, D.H.; Stein, W.H. and Moore, S. (1958). Automatic
recording apparatus for use in chromatography of amino
acids. Anal. Chem., 30(7): 1190.

Taha, F.S.; Abbasy, M.; El-Nockrashy, A.S, and Shoeb, Z.E.
(1982). Countercurrent extraction-isoelectric precipitation
of sunflower seed protein isolates. J. Sci. Food and Agric.,
32: 166-174.

Vaintraub, LA. and Bastryging, A.S. (1989). Separation of
sunflower seed proteins from chlorogenic acid during gel
filtration. Die Nahrung, 33(9): 913-915.

Wang, J.C. and Kinsella, J.E. (1976). Functional properties of novel
proteins: Alfalfa leaf proteins. J. Food Sci., 41: 93-96.

-868-



Properties of protein prepared from defatted sunflower seeds

Were, L.; Hettiarachchy, N.S. and Kalapathy, U. (1997). Modified
soy proteins with improved foaming and water hydration
properties. J. Food Sci. 62: 821-824.

Zaghloul, M.M.; Kenawi, M.A. and Abbas, H.M. (2005). Functional
properties of lentil seed flour and its application in a bakery
product. Minia J. Agric. Res. & Develop., 25: 87-102.

b yuindael! Gsisss gyt | Calis 9ol dniarads 9l) yadlemintly (olllg waiS yid)
Joti ¥l diloles das (! £ giel) uadd) sac 3ods Giba (o
M’

J¥e ) dsaaa (sira
kel daala — Aol 50 s — LY agle aud

By e Av Clas pas 53 AN £ giiall Guadd) e ey @B juaal o

f Ul Uak Lgadaally Lisw 5usdibal s Gn Gl Aaud gy ) Gadliiud
ol i aull o i guolSl s AN By daelad SN Adldea Cud
kBl patedlly ol s otest QS Al palall GsS e ddaad
Jod (B pladiad g Jalaall (@8l 1A (e B panal) Clisig ) Jygmay JS e (@A
S onadl e ol il g gial il <l Ll g jaS CaA £ g el Lgeal
%Ve,00 bl %r,rT ey %Y. (Odigm %TYVLVY cw) %ot 60
Cligladl S (B 3345 A cujh padlaliul sy (s Qs ouled o) Sy g s
2 ol oS s s A Lddy e Juaaial (adl £ osiad B8 A s AN
Duedd % @R e 08 (B kol Ll palall s giae B Bsale DS
Laias Lagia JS (8 J ) 2t it aaad Ly Canalll S Jalea gy Jalaal
Cpall g gsiall Liguall (Gds Alla g J¥1 saaal 2 A D Ll el s

-869-



M. M. Zaghloul

Lgh g D g B2l cuall Bld gy Jalaa AT el e (B (a el
Qadh s AW cliad S G Ly (ki) galadd L s 3 i 13) Ll
A 3Ry Sy GRS LD of el ity Gt Wpaaed Agidag Ldae (sl
raalall Gilal o Ao g 8 g il AL F (Jalee Lady Jalaal) uadd
Laling ol cuilall o by Lisall (38 Clibaom i (pH) ddagead )
e Apdd cid 3R G piod ADAD iy i (ol § 9 = Laga @) e
Caial 3S5a) i ale Ol (Jalae il Galaad) Guadd e (B e 3 RNy
NS el 8o Liw .5 = Ldges o) o Lot 8 ala it 1 sae 1 s
Al (Babs L83 date ) 8 Sikea U JS80 B g80n 26 41 4003 O (g2a

B S (pdaeladl JolL Jebiall (uadd de (383 Lidigl patiedl
Sl B4 8 CugSip AN cDladud il paluaid o B dke A1 IS BBl Ligh
AAl ey sl @ dgida Lo a8 patlusd ) LI Ll (3 o
Ay patuad Laaf copll 340 138 g el gl dajray 3Soe ci s dl
CuSis 3 oDladady A (obaid olad Galualdl o BNy 3y Lad Ban
bl oSt Ay 5 8

SRt aisad (s giaaly buald Ll oaladl Yl b BY) s
Ost 9 Ose dajre opdnd LS B ARG el 45l Galaall s sy
Sy (paddadl gl Jalaal s A £ g il Guadd) die By O~ Joia
suaas LY e ymd B rlad pxiud o oS ey Gl dejres JSoe
Ayl g il gSaS g 0 g gl

-870-





