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Physicochemical and functional properties
of a protein isolate produced from safflower
(Carthamus tinctorius L.) meal by ultrafiltration
José A Ulloa,a∗ Petra Rosas-Ulloaa and Blanca E Ulloa-Rangelb

Abstract

BACKGROUND: The protein isolate obtained from safflower meal by aqueous extraction and ultrafiltration was evaluated for
its physicochemical and functional properties.

RESULTS: Protein, ash and moisture contents of the safflower protein isolate were 901, 51 and 45 g kg−1 respectively. Its
water and oil absorption capacities were 2.22 mL H2O g−1 protein and 2.77 mL oil g−1 protein respectively. Least gelation
concentration was 20 g kg−1 at pH 2, 6, 8 and 10 but 100 g kg−1 at pH 4. Emulsifying properties were also affected by the pH:
emulsifying activity and emulsion stability at pH 6 were 82.5 and 100% respectively. The highest foaming capacity (126%)
occurred at pH 2; however, it increased by 104% with the addition of 0.25 g glucose g−1 protein to the foam system.

CONCLUSION: In the light of its functional properties found in this study, safflower protein isolate produced by ultrafiltration is
recommended for use as an ingredient in food products such as salad dressing, meat products, mayonnaise, cakes, ice cream
and desserts.
c© 2010 Society of Chemical Industry
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INTRODUCTION
The quality and technological usability of food proteins are deter-
mined by their nutritional values and functional properties. When
protein is not considered as the main food component but as one
of many constituents, its functionality can be an even more im-
portant evaluation criterion than its nutritional value.1 Functional
properties are the physicochemical properties of food proteins
that determine their behaviour in foods during processing, storage
and consumption; these properties and the manner in which
proteins interact with other components directly and indirectly
affect processing applications, food quality and acceptance.2

The importance of functional properties varies with the type of
food product in which the protein is used. For example, proteins
with high oil- and water-binding properties are desirable for use
in meats, sausages, breads and cakes, whereas proteins with high
emulsifying and foaming capacities are good for salad dressings,
sausages, bologna, soups, confectionery, frozen desserts and
cakes.3

Water/oil binding, emulsification, foam formation, viscosity and
gelation are some of these functional properties; they are affected
by the intrinsic factors of proteins, such as molecular structure
and size, as well as many environmental factors, including the
method of protein separation/production, pH, ionic strength and
the presence of other components in the food system.4

Safflower is produced in over 17 countries. In 2008, world
safflower production was about 615 214 t. India, Mexico and the
USA typically account for about 75% of total world safflower
production.5

Oil and meal are two main products that come from current
safflower production. Oil is the primary product and has both
food and industrial uses. The seed oil content of safflower ranges
from 300 to 450 g kg−1. Safflower meal, a by-product of the
oil industry, contains approximately 240 g kg−1 protein and is
generally separated into high-fibre and high-protein fractions,
which are presently marketed as animal feed. The high-protein
fraction is not suitable for human consumption because of the
presence of glycosides, which are reported to be responsible for
bitter flavour and cathartic activity.6 The high-protein fraction may
also contain as much as 170 g kg−1 fibre. Thus the extraction and
preparation of a protein isolate from this meal is one method of
preparing safflower protein for human consumption.7

The proposed process for isolating oilseed proteins is based on
water extraction of the proteins from defatted meal; the proteins
are subsequently recovered as isolates by precipitation or purified
and concentrated by ultrafiltration followed by diafiltration.8

Micellisation, which is another process for the isolation of seed
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proteins, involves precipitation from a neutral salt extract by
dilution in cold water. The protein isolated using this method has
a micellar structure, and it seems that hydrophobic interactions
play a major role in the stabilisation of such isolates.9

Studies on the functional properties of plant proteins, including
safflower proteins, have been published. In these studies, protein
isolates or concentrates are usually obtained using the isoelectric
precipitation technique or by precipitation from a neutral salt
extract by dilution in cool water.7,10 For producers, the methods
and conditions of protein extraction as well as the downstream
processing of extracted proteins, such as purification and drying,
are the factors that need to be addressed. To our knowledge, there
are no reports about safflower protein isolates being produced by
aqueous extraction and ultrafiltration.

Therefore the objectives of this study were (1) to obtain a
protein isolate from defatted safflower meal by aqueous extraction
and ultrafiltration and (2) to determine the physicochemical and
functional properties of this safflower protein isolate as indicators
of its potential use by the food industry.

EXPERIMENTAL
Raw material and preparation of protein extract
The safflower meal (defatted safflower flour) used in this study was
obtained from Aceitera La Junta, SA de CV (Guadalajara, Jalisco,
Mexico). Batches of safflower meal suspension (120 L) were made
by adding 1 part meal to 30 parts filtered tap water, followed
by mixing for 45 min at room temperature (25 ◦C). The pH of the
suspension was adjusted to 9 with diluted NaOH during mixing.
The insoluble residue of the protein suspension was separated by
continuous centrifugation.

Protein isolate preparation
The protein extract was concentrated using a pilot-scale ultrafil-
tration unit (Osmonic Inc., Minnetonka, MN, USA) equipped with
a polysulfonate membrane cartridge with a molecular weight
cut-off of 100 kDa and an effective membrane area of 1.6 m2.
The ultrafiltration unit was operated with a pressure drop of
103.5 kPa, the inlet and outlet pressures being 586.0 and 482.5 kPa
respectively. Feed temperature was maintained at 25 ◦C. Ex-
tracts were concentrated to one-fifth of their original volume,
then diluted with filtered tap water and concentrated by di-
afiltration for further purification of protein retentate. Dilution
consisted of adding an amount of water equal to four times
the retentate volume after the first concentration. Three cycles
of diafiltration were required to produce a protein isolate with
a protein content of ≥900 g kg−1 dry weight. Finally, the di-
afiltrated protein extract was spray dried with a Spray Dryer
Model Tower No. 1 (Niro Atomizer, SA, Monterrey, N.L., Mex-
ico) using inlet and outlet air temperatures of 205 and 95 ◦C
respectively.

Physicochemical analyses
Proximate analysis
Moisture, crude protein (N × 6.25), crude fibre and ash contents
were determined in triplicate according to AOAC methods.11

Bulk density
Bulk density was determined using the method described by
Monteiro and Prakash.12 After a calibrated plastic centrifuge tube
had been weighed, it was filled with protein sample up to 25 mL

and tapped to eliminate the spaces between particles; the volume
was then taken as the volume of the sample. After the tube had
been weighed again, the bulk density of the protein sample was
calculated from the difference in weight and expressed as g mL−1.

Colour analysis
Colour was determined with a Minolta CR-300 colour meter
(Minolta Ltd, Co., Tokyo, Japan). Measured values were expressed
according to the CIELAB colour scale, where L∗ = lightness,
+a∗ = redness, −a∗ = greenness, +b∗ = yellowness and −b∗ =
blueness. The L∗

s , a∗
s and b∗

s values of the white standard tile used
as reference were 97.14, 0.19 and 1.84 respectively. Total colour
difference (�E) was calculated as

�E = [(L∗
s − L∗)2 + (a∗

s − a∗)2 + (b∗
s − b∗)2]1/2

Functional properties
Water and oil absorption capacities
Water absorption capacity was measured according to the method
outlined by Sosulski.13 First, 0.5 g of protein isolate was placed
in a previously weighed 25 mL centrifuge tube. Then 10 mL
of distilled water was added and the mixture was stirred to
homogeneity with a glass rod and centrifuged at 3050 × g
for 10 min at room temperature (25 ◦C). The supernatant was
decanted and the residue was weighed together with the
centrifuge tube. Water absorption capacity was expressed as
g water absorbed g−1 protein. A similar method was used to
measure corn oil absorption capacity; a 1 g sample was used for
this purpose.

Emulsifying capacity
An emulsion was prepared according to the method outlined
by Beuchat.14 A 2 g sample of safflower protein isolate was
blended with 100 mL of distilled water in an Osterizer blender
(Tlalnepantla, Edo. de Mexico) at ‘high’ speed for 30 s. Corn
oil was gradually added from a graduated burette while the
mixture was being homogenised. The drop in consistency (from
a maximum), judged by a decrease in resistance to blending, was
considered to be the point of discontinuation of oil addition.
The amount of oil added up to this point was interpreted
as the emulsifying capacity of the sample. The result was
expressed as mL oil required to breakpoint of the emulsion g−1

protein.

Nitrogen solubility
Samples of protein isolate were suspended in water at different pH
values (2–9) using the method described by Wang and Kinsella.15

These solutions were then centrifuged at 3050 × g for 10 min
and the supernatants were analysed for protein using the Kjeldahl
method.11

Least gelation concentration
Least gelation concentration was determined using the method
described by Abbey and Ibeh.16 Safflower protein isolate sam-
ples were mixed with 5 mL of distilled water in centrifuge
tubes to obtain 20, 40, 60, 80, 100, 120, 140 and 160 g kg−1

concentrations. The centrifuge tubes were heated for 1 h in
a boiling water bath, cooled rapidly under running tap water
and further cooled for 2 h in a refrigerator at 4 ◦C. The least
gelation concentration was regarded as the lowest concentra-
tion at which the sample in the inverted tube did not fall or
slip.
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Emulsifying activity and emulsion stability
A modified version of the method described by Yasamatsu et al.17

was used to determine the emulsifying activity and emulsion
stability of the isolate. Five suspensions were prepared by
dissolving 2.1 g of protein isolate in 30 mL of water, and the
pH of the suspensions was adjusted to 2, 4, 6, 8 or 10 with
0.1 mol L−1 HCl or NaOH. Then 30 mL of corn oil was added to
each suspension. Each mixture was stirred in an Osterizer blender
at ‘medium’ speed for 1 min and centrifuged at 1190 × g for 5 min.
The emulsion layer volume was recorded. Emulsifying activity (EA)
was calculated as

EA (%) = (height of emulsified layer/

height of total content in tube) × 100

Finally, to determine emulsion stability, the samples were
heated at 80 ◦C for 30 min in a water bath, cooled to 25 ◦C in
running water and centrifuged as above. Emulsion stability was
expressed as the percentage of emulsifying activity remaining
after heating.

Foaming properties
Five suspensions were prepared by dissolving 2 g of protein
isolate in 100 mL of distilled water; the pH of the suspensions was
adjusted to 2, 4, 6, 8 or 10 using 0.1 mol L−1 HCl or NaOH. The
suspensions were then whipped in an Osterizer blender at ‘low’
speed for 1 min at room temperature (25 ◦C). The resultant foam
was poured into a 250 mL cylinder. The total foam volume was
recorded, and foaming capacity was expressed as the percentage
increase in volume. Foam stability was determined according to
the method proposed by Kabirullah and Wills.18 The foam volume
was recorded 30 min after whipping, and foam stability (FS) was
calculated as

FS (%) = (foam volume after 30 min/initial foam volume) × 100

The effects of glucose, sucrose, starch, citrus pectin and guar
gum (Droguerı́a la Paz, SA de CV, Guadalajara, Jalisco, Mexico) on
the foaming properties were evaluated by adding 0.5 g of each of
these carbohydrates to 2 g of protein isolate suspension in 100 mL
of distilled water (pH 2) and performing the procedure described
above.

Statistical analysis
Data from all experiments were collected in triplicate and
subjected to analysis of variance and the least significant difference
test to compare means, using Statgraphics Plus Version 4.0
(Manugistics, Inc., Rockville, MD, USA). The level of significance
was set at P < 0.05.

RESULTS AND DISCUSSION
Physicochemical characteristics
The recovery of safflower protein by ultrafiltration in the
present study was 526 g kg−1. According to Paredes-López
and Ordorica-Falomir,9 the total recoveries of protein from
commercially prepared safflower meal by micellisation and
isoelectric precipitation are 469 and 172 g kg−1 respectively.
The physicochemical characteristics of safflower protein isolate
obtained by ultrafiltration are shown in Table 1.

Table 1. Some physicochemical properties of safflower protein
isolate obtained by ultrafiltration

Property Value

Protein content (g kg−1) 901 ± 0.1

Ash content (g kg−1) 51 ± 0.1

Moisture content (g kg−1) 45 ± 0.1

Bulk density (g mL−1) 0.27 ± 0.1

Colour

L∗ (lightness) 78.12 ± 0.07

a∗ (redness–greenness) −0.63 ± 0.03

b∗ (yellowness–blueness) 20.01 ± 0.25

�E (colour difference) 26.0 ± 0.2

Values are given as mean ± standard deviation of triplicate
measurements.

Proximate analysis
The protein, crude fibre and ash contents of safflower meal on a dry
matter basis were 285, 222 and 81 g kg−1 respectively. The crude
protein content of safflower isolate was 901 g kg−1 (Table 1), which
is slightly higher than the minimal value of 900 g kg−1 required for
a product to be considered a protein isolate. The ash and moisture
contents of safflower protein isolate (Table 1) were similar to those
observed in protein isolates of other oilseed meals produced by
ultrafiltration.8,9

Bulk density
Table 1 shows that the bulk density of safflower protein isolate
obtained by ultrafiltration was 0.27 g mL−1, which is greater
than that of cashew nut protein isolate (0.25 g mL−1)19 but
less than that of succinylated cottonseed flour (0.3–0.4 g mL−1)
and lentil (1.4 g mL−1) protein isolates prepared by isoelectric
precipitation.20,21

Colour analysis
The colour values L∗, a∗, b∗ and �E of safflower protein isolate
obtained by ultrafiltration are shown in Table 1. The safflower
protein isolate in this study was lighter in colour (L∗ = 78.12,
a∗ = −0.63, b∗ = 20.01) than that obtained by micellisation
(L∗ = 70.7, a∗ = −1.1, b∗ = 12.1). The �E value (total colour
difference) of safflower protein isolate obtained by ultrafiltration
was 26.3, compared with 24.7 and 43.3 for safflower protein
isolates obtained by micellisation and isoelectric precipitation
respectively.9

Functional properties
Water and oil absorption capacities
The safflower protein isolate in this study had a water absorption
capacity of 2.22 mL H2O g−1 protein (Table 2), which is greater
than the values of 1.58 and 1.41 mL H2O g−1 protein reported for
safflower protein isolates obtained by isoelectric precipitation and
micellisation respectively.10 Water absorption capacity is a critical
property of proteins in viscous foods such as soups, doughs,
custards and baked products, because these foods are supposed
to absorb water without protein dissolution, thereby providing
body, thickening and viscosity.22

The oil absorption capacity of safflower protein isolate produced
by ultrafiltration was 2.77 mL oil g−1 protein (Table 2), which is
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Table 2. Some functional properties of safflower protein isolate
obtained by ultrafiltration

Property Value

Water absorption capacity (mL H2O g−1 protein) 2.22 ± 0.13

Oil absorption capacity (mL oil g−1 protein) 2.77 ± 0.12

Emulsifying capacity (mL oil g−1 protein) 200.5 ± 1.5

Values are given as mean ± standard deviation of triplicate
measurements.

higher than the values of 2.27 and 2.47 mL oil g−1 protein reported
by Paredes-López and Ordorica-Falomir10 for safflower protein
isolates obtained by isoelectric precipitation and micellisation
respectively as well as the values of 2.52 and 1.09 mL oil g−1

protein reported by Manak et al.8 for soy and peanut isolates
respectively. Lower oil absorption capacities of 1.7 mL oil g−1

protein for chickpea protein isolate and 2.0–2.2 mL oil g−1

protein for cowpea protein isolate have also been reported.23

The mechanism of fat/oil absorption can be explained as the
physical entrapment of oil. Fat/oil absorption capacity is a critical
determinant of flavour retention. High oil absorption capacity of
protein is required in ground meat formulation, replacements and
extenders as well as in doughnuts, baked goods and soups.24 The
present results indicate that safflower protein isolate possesses
good oil absorption capacity.

Emulsifying capacity
Safflower protein isolate obtained by ultrafiltration had an
emulsifying capacity of 200.5 mL oil g−1 protein (Table 2). There
are previous reports on the emulsifying capacity of plant proteins
from lupin (164–169 mL oil g−1 protein), soy (168.7 mL oil g−1

protein), pea (69–76 mL oil g−1 protein) and sesame (130 mL oil
g−1 protein).25 – 28 Thus the protein isolated from safflower meal
by ultrafiltration exhibited greater emulsifying capacity than these
other plant proteins.

Nitrogen solubility
The nitrogen solubility of safflower protein isolate as a function
of pH is shown in Fig. 1. The data show three regions of nitrogen
solubility: at acidic pH, near the isoelectric point and at alkaline
pH. The minimum nitrogen solubility was observed at pH 4 (7.3%),
indicating the isoelectric point of the protein; at pH 2 and 9,
65.1 and 72.1% of the protein respectively was soluble. The
nitrogen solubility at different pH values may serve as a useful
indicator of the performance of protein isolates in food systems in
addition to the extent of protein denaturation as a result of heat or
chemical treatment. Most plant proteins have isoelectric pH values
between 4 and 5. At the isoelectric point, there is no net charge
on the protein; as a result, there are no repulsive interactions
or protein–protein interactions disfavouring solubility. At low
pH, large net charges are induced and repulsive forces increase,
resulting in protein unfolding. Above pH 6.5, all plant proteins
have solubilities of >70%,29 as was observed in this study.

Least gelation concentration
Gelation is often an aggregation of denatured molecules; this is
different from coagulation, in which the aggregation is random.
Gelation involves the formation of a network that exhibits a certain

Figure 1. Effect of pH on nitrogen solubility of safflower protein isolate.
Values are mean ± standard deviation of three experiments.

Figure 2. Effect of pH on least gelation concentration of safflower protein
isolate. Values are mean ± standard deviation of three experiments.
Different letters among different pH values indicate statistically significant
differences (P < 0.05).

degree of order. The least or lowest gelation concentration of
safflower protein isolate obtained by ultrafiltration was 20 g kg−1

at pH 2, 6, 8 and 10 and 100 g kg−1 at pH 4 (Fig. 2). The least
gelation concentrations of chickpea protein, northern bean protein
concentrate, cowpea, mung bean protein isolate and lupin seed
protein are 140–180, 80, 120, 100 and 140 g kg−1 respectively.24

Emulsifying activity and emulsion stability
Food emulsions are thermodynamically unstable mixtures of
immiscible liquids (e.g. water and oil). The formation and stability
of emulsions are very important in food systems such as salad
dressing. Proteins are composed of charged, non-charged polar
and non-polar amino acids, which make proteins potential
emulsifiers and surfactants that possess both hydrophilic and
hydrophobic properties and are able to interact with both
water and oil in food systems.4 The emulsifying properties of
safflower protein isolate obtained by ultrafiltration are shown
in Fig. 3. In our study the lowest values of emulsifying activity
and emulsion stability occurred at pH 4, which can be attributed
to the low solubility of proteins at this pH. On the other hand,
emulsifying activity (81.5%) and emulsion stability (100%) were
greater at pH 6. The emulsifying properties of flaxseed protein
concentrate obtained by isoelectric precipitation exhibit a similar
pH-dependent behaviour.30

J Sci Food Agric 2011; 91: 572–577 c© 2010 Society of Chemical Industry wileyonlinelibrary.com/jsfa
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Figure 3. Effect of pH on emulsifying activity and emulsion stability of
safflower protein isolate. Values are mean ± standard deviation of three
experiments. Different letters for emulsifying activity or emulsion stability
among different pH values indicate statistically significant differences
(P < 0.05).

Figure 4. Effect of pH on foaming capacity and foam stability of safflower
protein isolate. Values are mean± standard deviation of three experiments.
Different letters for foaming capacity or foam stability among different pH
values indicate statistically significant differences (P < 0.05).

Foaming properties
Figure 4 shows the effect of pH on the foaming properties of
safflower protein isolate obtained by ultrafiltration. The maximum
foaming capacity (126%) and foam stability (45.5%) were observed
at pH 2 and 4 respectively, while the minimum foaming capacity
(80%) and foam stability (9.7%) occurred at pH 6–8 and 6
respectively. The foaming capacity of lupin protein concentrate
is greatest at pH 2; however, its maximum foam stability is in
the isoelectric region at pH 4.31 The high stability of foams at
acidic pH values may be due to the formation of stable molecular
layers at the air–water interface, which impart texture, stability
and elasticity to the foams.32

In food systems, foams are often very complex and include
several phases such as a mixture of gases, subdivided solids
and liquids and multicomponent solutions of water, polymers
and surfactants.33 The effects of several carbohydrates at a
concentration of 0.25 g g−1 protein (pH 2) on the foaming
properties of safflower protein isolated by ultrafiltration are shown
in Fig. 5. Incorporation of glucose, sucrose, starch, citrus pectin
and guar gum increased the foaming capacity of safflower protein
isolate by 104, 26, 9, 79 and 72% respectively and the foam stability

Figure 5. Effect of addition of carbohydrates on foaming capacity and foam
stability of safflower protein isolate at pH 2. Values are mean ± standard
deviation of three experiments. Different letters for foaming capacity
or foam stability among different carbohydrates indicate statistically
significant differences (P < 0.05).

of the isolate by 158, 66, 87, 163 and 143% respectively compared
with the values of these parameters at pH 2 in the absence of
carbohydrates (Fig. 3). In contrast, incorporation of potato starch,
amylopectin, sucrose, amylose, galactose, gum arabic and citrus
pectin decreased the foam stability of lupin protein concentrate.31

Some studies show that different protein isolation methods
produce different protein fractions. According to these studies, the
protein solubility of isolates produced by ultrafiltration is better
than that of isolates obtained by isoelectric precipitation. Highly
soluble protein isolates are required to achieve good functional
properties with respect to foaming, gelation and emulsification.
The high emulsifying capacity, emulsifying activity and emulsion
stability and low gelation concentration of safflower protein isolate
obtained by ultrafiltration in this study may be due to the good
solubility properties of safflower proteins.8,33,34

CONCLUSIONS
Safflower meal, a by-product of the oil industry, is a potential
raw material for the elaboration of protein isolates with good
functional quality when it is subjected to aqueous extraction
and ultrafiltration processes. The water and oil absorption and
emulsifying capacities of safflower protein isolate are greater
than those of other legume isolates obtained by isoelectric
precipitation; this suggests that safflower proteins can play
important roles in food systems such as salad dressing, mayonnaise
and replacements for meat proteins. The good solubility of
safflower protein isolate can be utilised for the production of
beverages. The addition of small quantities of glucose, sucrose,
starch, citrus pectin and guar gum improves the foaming
properties of safflower protein isolate, which suggests that these
proteins can be used in cakes, ice cream and desserts. Therefore
the results suggest that protein isolates with suitable functional
properties can be produced from safflower meal and are a good
source of protein ingredients in food systems.
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