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Summary
In this study, ultrasound- and enzyme-assisted extractions of albumin (water-soluble
protein group) from defatted pumpkin (Cucurbita pepo) seed powder were compared. Both
advanced extraction techniques strongly increased the albumin yield in comparison with
conventional extraction. The extraction rate was two times faster in the ultrasonic extraction
than in the enzymatic extraction. However, the maximum albumin yield was 16 % higher
when using enzymatic extraction. Functional properties of the pumpkin seed albumin concentrates obtained using the enzymatic, ultrasonic and conventional methods were then
evaluated. Use of hydrolase for degradation of cell wall of the plant material did not
change the functional properties of the albumin concentrate in comparison with the conventional extraction. The ultrasonic extraction enhanced water-holding, oil-holding and
emulsifying capacities of the pumpkin seed albumin concentrate, but slightly reduced the
foaming capacity, and emulsion and foam stability.
Key words: albumin, Cucurbita pepo, extraction, functional properties, hydrolase, ultrasound

Introduction
Oilseeds and their agro-industrial residuals (defatted
oil cakes) are cheap sources of proteins for human consumption. Besides the popular oilseeds including soya
bean, rapeseed, cottonseed, sunflower seed, peanut and
saﬄower seed (1), pumpkin seed is a potential source of
edible proteins (2). Pumpkin seed contains four protein
groups: alkali-soluble glutelin, salt-soluble globulin, water-soluble albumin and alcohol-soluble prolamin. Among
them, glutelin and globulin are major protein groups,
while albumin and prolamin were found in smaller
amounts. Pumpkin seed proteins could be used in food
processing as nutrient supplements and functional ingredients (3). In addition, pumpkin seed proteins showed
diﬀerent biological activities such as antibacterial, anti-inflammatory (4) and antioxidant activity (5).

Defatted oil cakes have been used in the production
of protein concentrate and isolate. Protein extraction is
performed and the extract obtained is used for protein
purification and concentration. Extraction is a key operation in the production of protein preparations. Protein
composition in the extract strongly depends on the nature
of the used solvent (6). Previously, extraction of globulin,
one of major proteins from defatted pumpkin seed powder, was performed with sodium chloride solution for
preparation of protein concentrate (7). Nevertheless, extraction of other protein groups such as albumin has never been reported in the literature.
Oilseed albumin can be easily extracted with water –
an eco-friendly solvent. There have been few studies on
albumin extraction from plant materials. Previous studies
showed that albumin concentrate from African locust
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bean (8) or Gingko biloba (9) had good functional properties when added to food. To our knowledge, functional
properties of pumpkin seed albumin have not been reported.
In the last decade, advanced techniques have been
applied for protein extraction from plant materials. Use of
hydrolase (10–12) or ultrasound (13–15) significantly improved the protein yield as well as reduced the extraction
time in comparison with conventional extraction. However, comparison of enzyme- and ultrasound-assisted extractions of proteins from plant materials has never been
reported.
The objective of this research is to compare the eﬃciency of the enzyme- and ultrasound-assisted extractions
of albumin from defatted pumpkin seed, and to evaluate
functional properties of albumin concentrates obtained
using three methods: enzymatic, ultrasonic and conventional extraction.

Materials and Methods
Materials
Pumpkin (Cucurbita pepo) seeds were supplied from a
pumpkin processing plant in Ho Chi Minh City, Vietnam.
For preparation of defatted pumpkin seed powder, the
seeds were first washed with potable water and the kernels were manually separated from the seeds. The kernels
were then ground to particles of a size less than 10 mm
and dried at 40 °C to a moisture content of 10 %. Lipids
were extracted from the kernels with hexane under the
following conditions: material and solvent ratio of 1:10 by
mass, temperature of 40 °C, and extraction time of 36 h.
After extraction, the solid phase was separated by centrifugation at 5000×g, dried at 40 °C to a moisture content
less than 10 % and finally ground to particles of a size less
than 1 mm. The obtained powder was stored at 4 °C until
use for albumin extraction. Chemical composition of the
defatted pumpkin seed powder was as follows (in % of
dry mass (dm)): ash 9.5, lipid 5.7, protein 57.8, total sugars 3.5, starch 15.4, cellulose 4.5, hemicellulose 2.8 and
pectin 0.9.
Hydrolase preparation, Viscozyme L, originating from
Aspergillus aculeatus, was purchased from Novozymes
A/S (Bagsværd, Denmark). The preparation mainly contains endo-β-1,3- and 1,4-glucanase; the catalytic activity
was 100 fungal β-glucanase units per gram (FBG/g). One
unit of FBG is the amount of enzyme preparation required for barley β-glucan hydrolysis to produce reducing carbohydrates corresponding to 1 μmol of glucose per
min (the reaction occurs at 30 °C and pH=5.0 for 30 min).
The optimal pH and temperature of the preparation are
3.3–5.5 and 25–55 °C, respectively (16).
Deionised water was used as solvent for albumin extraction. Protein standards and all chemicals used in electrophoretic analysis were purchased from GeneOn (Ludwigshafen am Rhein, Germany). Other chemicals used in
this study were of analytical grade and purchased from
Sigma-Aldrich (St. Louis, MO, USA).

Enzymatic extraction of albumin from defatted
pumpkin seed powder
Each 250-mL Erlenmeyer flask contained 10 g of defatted pumpkin seed powder, 100 mL of deionised water
(solvent) and a predetermined amount of Viscozyme L
preparation. The flasks were put in a thermostatic incubator shaker (model Certomat® BS-1; B. Braun Biotech. International GmbH, Melsungen, Germany) for albumin
extraction. In this study, the enzymatic treatment of defatted pumpkin seed powder and the albumin extraction occurred simultaneously. The time of the enzymatic treatment was therefore the same as extraction time.
Diﬀerent amounts of Viscozyme L were added to the
samples: 0, 1, 2, 3, 4, 5, 6 and 7 FBG per g of dry mass. The
pH of samples was not adjusted (pH=6.9) and all samples
were incubated at 35 °C and 200 rpm for 30 min.
Diﬀerent incubation temperatures were used: 35, 40,
45, 50, 55 and 60 °C. Viscozyme L was added to the samples at the amount of 5 FBU/g. The pH of samples was not
adjusted (pH=6.9). The mixing rate and incubation time
were 200 rpm and 30 min, respectively.
The influence of pH on enzymatic albumin extraction
was investigated at pH=4.0, 4.5, 5.0, 5.5, 6.0, 6.5 and 7.0.
Viscozyme L was used at the amount of 5 FBU/g. All samples were incubated at 50 °C and 200 rpm for 30 min.
Various extraction time intervals were used: 5, 10, 20,
30, 50, 60 and 90 min. Other conditions were fixed: enzyme amount of 5 FBU/g, temperature of 50 °C, pH=5.0,
mixing rate of 200 rpm.
At the end of the incubation, all samples were centrifuged (model Sigma 3K30; Sartorius, Tagelswangen, Switzerland) at 5000×g and 20 °C for 30 min to remove the solids. Globulin (salt-soluble protein) can be contaminated
in the obtained supernatant since some minerals in the
defatted pumpkin seed powder are extracted together
with albumin. In order to remove globulin from the extract, the supernatant was adjusted to pH=7.0 using 0.1 M
NaOH and then dialysed against distilled water. A molecular mass cut-oﬀ membrane of 6 kDa (BioVision Inc.,
Milpitas, CA, USA) was used in dialysis. After the dialysis, the content of dialysis bag was centrifuged at 5000×g
and 20 °C for 30 min to remove the solids and the supernatant was used for albumin quantification.

Ultrasonic extraction of albumin from defatted
pumpkin seed powder
The ultrasonic extraction was also performed in 250-mL Erlenmeyer flasks containing 10 g of defatted pumpkin seed powder and 100 mL of deionised water (solvent).
The extraction consisted of two steps. In the first step, the
ultrasonic treatment was conducted using a horn-type ultrasonic probe with frequency of 20 kHz (model VC 750;
Sonics & Materials Inc, Newtown, CT, USA). All Erlenmeyer flasks were put in a cooling water bath (model
WPE45; Memmert GmbH+Co.KG, Schwabach, Germany)
during the ultrasonic treatment and the sample temperature was always below 30 °C. In the second step, the additional extraction was performed at 30 °C and 200 rpm,
after which the Erlenmeyer flasks were transferred into a
thermostatic shaker. The total extraction time was therefore the sum of both steps.
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The ultrasonic power levels were adjusted to 0, 5, 10,
15, 20 and 25 W per g of dry mass. The sonication time
was 1 min. After the sonication, the time of the additional
extraction was 30 min.

rate constant k (g/(Lmin)) were determined using R software v. 3.1.0 (The R Project for Statistical Computing,
Auckland, New Zealand).

The used ultrasonic time was: 0, 1, 2, 3, 4 and 5 min.
The selected ultrasonic power level was 20 W/g. After the
ultrasonic treatment, the time of the additional extraction
was fixed at 30 min.

Preparation of albumin concentrate from defatted
pumpkin seed powder

The ultrasonic power level and time were set at 20
W/g and 3 min, respectively. After the sonication, the time
of the additional extraction was varied: 0, 5, 10, 20, 30, 40,
50, 60 and 90 min.
At the end of the extraction, all samples were treated
in the same way as shown in the previous section.

Comparison of enzymatic and ultrasonic extraction of
albumin from defatted pumpkin seed powder
In both extraction methods, the ratio of defatted
pumpkin seed and deionised water was set at 1:10 by
mass. In the enzyme-assisted extraction, the enzyme
amount, pH, temperature, mixing rate and extraction
time were 5 FBG/g, 5.0, 50 °C, 200 rpm and 90 min, respectively. In the ultrasound-assisted extraction, the sonication power and time were 20 W/g and 3 min, respectively, and the treatment was performed at the
temperature below 30 °C. After the sonication, the additional extraction was carried out at 30 °C and 200 rpm for
90 min. During the extraction, samples were taken for dialysis in order to remove dissolved globulin group before
albumin quantification.
The first-order rate law was applied for determination of the extraction rate constant of albumin (17). The
general first-order model was as follows:
(γ∞–γt)/(γ∞–γw)=e–kt

/1/

The protein extracts obtained by the enzymatic and
ultrasonic extractions were used for preparation of albumin concentrates. Conventional extraction was also performed as a control under the following conditions: ratio
of defatted pumpkin seed powder and deionised water of
1:10 by mass, temperature of 30 °C, natural pH=6.9, mixing rate of 200 rpm and extraction time of 120 min.
The extracts obtained by the three extraction methods
were dialysed against distilled water to remove dissolved
globulin. After globulin removal, the protein extract was
sampled for determination of albumin profile and subsequently adjusted to pI=3.0 using 0.1 M HCl for albumin
coagulation. The solid phase was separated by centrifugation at 5000×g, 20 °C and redissolved in deionised water.
The procedure of albumin coagulation at that pI value
was repeated twice to increase the protein ratio in the albumin concentrate. The obtained albumin concentrate
was used for determination of protein content and diﬀerent functional properties including water absorption, oil
absorption, emulsifying, foaming and gelation capacities,
and foam and emulsion stability.

Analytical methods
Total protein content in the defatted pumpkin seed
powder and the extract was determined by Kjeldahl
method (18). Albumin profile in the extract was analysed
by electrophoresis on sodium dodecyl sulphate polyacrylamide gel (SDS-PAGE) according to the procedure of
Laemmli (19).

Since γw=0 when t=0, the first-order model can be
written as follows:

Water absorption and oil absorption capacities were
evaluated using the method described by Beuchat (20).
Emulsifying capacity and emulsion stability were determined according to the method used by Pearce and Kinsella (21), with modifications, where the emulsifying capacity was determined by measuring the absorbance of
the sample after homogenisation at the initial time, and
the emulsion stability was calculated as follows:

(γ∞–γt)/γ∞=e–kt

Emulsion stability=(A0/ΔA)·Δt

where γ∞ is maximal protein concentration in the extract
(g/L), γt is protein concentration in the extract (g/L) at a
given extraction time t (min), γw is initial protein concentration in the extract (g/L) and k is extraction rate constant
(g/(Lmin)).

/2/

The integrated rate law for a first-order extraction under the boundary conditions from t=0 to the complete
time of the extraction (min) and from γt=0 to the final protein concentration in the extract can be written as follows:
–kt

d(γt)/dt=d(γ∞·(1–e ))/dt

/3/

d(γt)/dt=k·γ∞·e–kt

/4/

and

when t=0, initial extraction rate v (g/(Lmin)) can be defined as:
v=k·c∞

/5/

The maximal albumin concentration in the extract γ∞
(g/L), initial extraction rate v (g/(Lmin)) and extraction

/6/

where A0 is the absorbance of the emulsion immediately
after homogenisation and ΔA is the reduction in absorbance at time interval Δt.
Foaming capacity and foam stability were evaluated
using the method reported by Sze-Tao and Sathe (22). Gelation capacity was evaluated using the method described
by Coﬀmann and Garcia (23).
Particle size distribution of the material at the end of
the enzymatic and ultrasonic extractions was determined
using a laser diﬀraction particle size distribution analyser
(model LA 920; Horiba, Kyoto, Japan) according to the
method described by Hong et al. (24). The particle size
curve, particle mean size (d4,3) and values d10, d50 and d90
were determined using LA-920 software (Horiba). Diameters d10, d50 and d90 correspond to the values of particle
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diameter that are below 10, 50 and 90 %, respectively, of
the particle diameter of the whole sample.
The albumin yield in the extract was calculated by
the following formula:
Y=(ma–mt)/mt

/7/

cording to Guan and Yao (10), endo-β-1,3- and 1,4-glucanase in the enzyme preparation degraded the cell wall of
the plant material and enhanced protein release into the
extract. In addition, hydrolysis of β-glucan reduced the
viscosity and increased mass transfer during the protein
extraction.

where Y is the albumin yield (%), ma is the total protein
mass (g) in the extract after the globulin removal by dialysis and mt is the total protein mass (g) in defatted pumpkin seed powder used in albumin extraction.

The higher the enzyme amount, the higher the albumin content in the extract. However, the increase in the
amount of enzyme from 5 to 7 FBG/g did not increase the
albumin yield. This finding was in agreement with that of
Tang et al. (11) for the extraction of rice bran proteins.

Statistical analysis

The appropriate temperature and pH of the enzyme-assisted albumin extraction from defatted pumpkin seed
powder were 50 °C and 5.0, respectively (Figs. 1b and c).
Other temperature and pH values resulted in similar or
lower albumin content in the extract. The temperature of
50 °C and pH=5.0 were conventionally used in biocatalysis with Viscozyme L (27).

All experiments were performed in triplicate. The experimental results were expressed as mean value±standard deviation. Mean values were considered significantly diﬀerent at p<0.05. One-way analysis of variance was
performed using the software Statgraphics Centurion XV
(Statpoint Technologies, Inc, Warrenton, VA, USA).

Results and Discussion
Enzymatic extraction of pumpkin seed albumin
Fig. 1a shows that the control without the addition of
Viscozyme L gave the lowest albumin yield (11.4 %). Enzymatic extraction significantly improved the albumin
yield from defatted pumpkin seed powder. Similar observation was reported when Viscozyme L was used for the
extraction of proteins from defatted soya bean flour (25),
oat bran (10), rice bran (11) and buckwheat bran (26). Aca)
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Fig. 1d indicates that the albumin yield gradually
augmented during the enzymatic treatment and achieved
maximum at 60 min. As mentioned above, the time of the
enzymatic treatment in our study was the same as the extraction time. In some previous studies, when Viscozyme
L was applied for protein extraction, the process consisted
of two steps: enzymatic treatment of plant material at
acidic pH and subsequent protein extraction at alkaline
pH (10,25). The objective of these studies was to extract
diﬀerent protein groups including glutelins, an alkali-soluble protein group. The extraction time was consequently
the sum of both steps. Guan and Yao (10) reported that
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Fig. 1. Eﬀects of: a) enzyme amount, b) temperature, c) pH, and d) treatment time on the albumin yield. FBG=fungal β-glucanase unit

483

G.L. TU et al.: Extraction of Pumpkin Seed Albumin, Food Technol. Biotechnol. 53 (4) 479–487 (2015)

the optimal time for the defatted oat bran treatment with
Viscozyme L was 2.8 h and the subsequent protein extraction lasted for 0.5 h; the total operation time was therefore
3.2 h. In a study of Rosset et al. (25), defatted soya flour
was pretreated with Viscozyme L for 30 min and the following protein extraction was performed for 45 min; the
total time was therefore 75 min. In our study, the combination of enzymatic treatment and albumin extraction in
one step clearly reduced the operation time and simplified the operation performance.
The highest albumin yield in the extract was 19.1 % at
the enzyme amount of 5 FBG/g, temperature of 50 °C,
pH=5.0 and time of 60 min. The yield in enzymatic extraction (19.1 %) was 68 % higher than that in the conventional extraction (11.4 %). Improved protein extraction yield
was reported when Viscozyme L was used. In protein extraction from soya flour, the protein yield increased 70 %
in comparison with that in the conventional extraction
(25). However, the protein yield in the Viscozyme L-assisted extraction from oat bran was 281 % higher than in
the control (10). It should be noted that the extract contained diﬀerent protein groups in the previous studies,
while only albumin group was extracted in our study.

Ultrasonic extraction of pumpkin seed albumin
At low sonication power (0–10 W/g), the ultrasound
did not aﬀect the albumin yield (Fig. 2a). Increase in sonication power from 10 to 25 W/g significantly enhanced
the albumin yield. In solid-liquid extraction, ultrasound
caused cavitation, leading to the disruption of cell walls
which resulted in great penetration of the solvent into cellular materials, improvement in mass transfer and improved release of cell content. High sonication power promoted intensive cavitation in the extraction system (28).
As a result, the albumin yield was improved. Previously,
Chittapalo and Noomhorm (15) also reported an increase
in protein yield from defatted rice bran as a consequence
of the increase in sonication power. However, Fig. 2a
demonstrates that when the sonication power increased
from 20 to 25 W/g, the albumin yield was slightly reduced. According to Barteri et al. (29), hydroxyl-free radicals produced by ultrasound promoted oxidation of cysteine residues; aggregation of protein molecules was
therefore observed due to the formation of intermolecular
disulphide bridges. In addition, the high sonication power generated strong shear forces which also resulted in

Increase in sonication time from 0 to 3 min strongly
improved the albumin yield; longer ultrasonic time significantly decreased the albumin yield (Fig. 2b). This result was diﬀerent from the findings of Karki et al. (14).
The longer the sonication time, the higher the protein
yield from defatted soya bean powder; nevertheless, the
maximum sonication time used in the study of Karki et al.
(14) was only 2 min. In the protein extraction from defatted rice bran, Chittapalo and Noomhorm (15) changed
the sonication time from 0 to 40 min; the protein yield
gradually increased during the sonication and reduction
in protein yield was not observed when the duration of
sonication was prolonged. It should be noted that the
maximum sonication power used in protein extraction
from soya bean and rice bran powders was 12.8 and 5.0
W/g, respectively (14,15). These values were significantly
lower than that used in our study (20 W/g). Prolonged
acoustic cavitation at high ultrasonic power generated
more hydroxyl-free radicals (31), which could denature
soluble proteins in the extract and lead to a reduction in
protein extraction yield.
With the selected sonication time of 3 min, the albumin yield was 15.1 % at the end of the ultrasonic treatment (Fig. 2c). The target compounds were not completely extracted during the sonication of defatted pumpkin
seed powder. After the ultrasonic treatment, the additional extraction was essential for the improvement of the extracted albumin. The maximum albumin yield was 17.0 %
at the ultrasonic power of 20 W/g, sonication time of 3
min and additional extraction time of 40 min. The ultrasonic extraction increased the albumin yield by 49 % in
comparison with the conventional extraction. Karki et al.
(14) had previously noted that ultrasound increased the
extraction yield of soya protein by 46 % compared to the
control.

Comparison of enzyme- and ultrasound-assisted
extractions of albumin from defatted pumpkin seed
powder
Changes in the albumin concentration in the extract
during enzymatic and ultrasonic extractions are shown in
Fig. 3. Based on the obtained results, the maximal albumin concentration in the extract (γ∞), initial extraction rate
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(v), extraction rate constant (k) and coeﬃcient of determination (R2) were calculated.
Table 1 shows that the coeﬃcient of determination
(R2) for both extraction methods was very high. Consequently, the first-order model described well our experimental results. Formerly, the first-order model was applied to ultrasonic extraction of proteins from rice bran
(15). However, kinetic parameters of enzymatic extraction
of proteins from plant materials have never been reported.
Table 1. Comparison of the first-order kinetic parameters of the
enzymatic and ultrasonic extractions of albumin from defatted
pumpkin seed powder
γ∞/(g/L)

Enzymatic
Ultrasonic

k/(g/(Lmin))

v/min–1

R2

(10.0±0.1)a

(0.38±0.01)a

3.12a

0.996

b

b

b

0.993

(8.6±0.1)

(0.80±0.03)

100

200

300

400

500

600

700

d/μm

Fig. 3. Change in albumin concentration in the extract during:
(♦) enzymatic extraction, (●) ultrasonic extraction

Extraction
method

0

1.56

Values with diﬀerent lower case letters in the same column are
significantly diﬀerent (p<0.05)

Fig. 4. Partical size (d) distribution at the end of the extraction.
Dashed line=enzymatic extraction, solid line=ultrasonic extraction. Y=albumin yield

that values d50 and d90 in the enzymatic extraction were
significantly lower than those in the ultrasonic extraction,
while d10 value was higher. In addition, the mean size (d4,3)
of the material particles in the enzyme-assisted extraction
(58 μm) was lower than that in the ultrasound-assisted
extraction (90 μm). As a consequence, the enzymatic
treatment of defatted pumpkin seed powder gave more
uniform and smaller particle sizes than the ultrasonic
treatment. It should be noted that Viscozyme L preparation used in this study contained multiple carbohydrate-degrading enzymes which can hydrolyse both cellulose
and hemicellulose in the plant material and thus lead to
an eﬀective reduction in particle size of the pumpkin seed
powder. Lower particle size of the plant material resulted
in higher extraction yield.
Table 2. Particle size distribution of the solid phase at the end of
the enzymatic and ultrasonic extractions of albumin from defatted pumpkin seed powder
Extraction method
Enzymatic
Ultrasonic

The initial extraction rate (v) and extraction rate constant (k) in the ultrasonic extraction of albumin from defatted pumpkin seed powder were 2.0 and 2.1 times, respectively, higher than those in the enzymatic extraction.
Higher extraction rate resulted in shorter extraction time.
It was reported that ultrasound shortened the extraction
time of grape juice over three times in comparison with
enzyme-assisted extraction (32).
However, the ultrasonic extraction gave a lower albumin yield than the enzymatic extraction. The maximum
albumin concentration in the extract (γ∞) in the Viscozyme L-assisted method was 16 % higher than that in the
ultrasound-assisted method (Table 1). Comparison of particle size distribution of the solid phase at the end of enzyme- and ultrasound-assisted extractions has never been
reported. Fig. 4 shows particle size distribution of the defatted pumpkin seed powder in the extraction system at
the end of the process. The particle size in the enzymatic
method (from 1 to 391 μm) varied less than in the ultrasonic method (from 1 to 517 μm). Table 2 demonstrates

d10/μm
a

10

b

6

d50/μm

d90/μm

a

152a

b

233b

34
58

Values with diﬀerent lower case letters in the same column are
significantly diﬀerent (p<0.05)
d10, d50 and d90=values of particle diameter that are below 10, 50 and
90 %, respectively, of the particle diameter or the whole sample

Evaluation of functional properties of albumin obtained
by diﬀerent extraction methods
The protein content in the albumin concentrates obtained using enzymatic, ultrasonic and conventional extractions was approx 80–82 %. Fig. 5 shows the electrophoretic patterns of the three albumin concentrates under
reducing conditions.
Similar bands were observed at 29 and 62 kDa, and in
the ranges of 10.5–14, 22–29, 29–42, 42–51 and 51–62 kDa
of the three samples. In addition, the albumin concentrates had a dark band with the molecular mass lower
than 10.5 kDa. Previously, Rezig et al. (3) reported albumin bands in the range of 7–10 kDa extracted from Tuni-
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Table 3. Functional properties of the albumin concentrates obtained by enzymatic, ultrasonic and conventional extractions
from defatted pumpkin seed powder
Functional property
WAC/(mL/g)
OAC/(mL/g)

Extraction method
Enzymatic

Ultrasonic Conventional

(1.13±0.04)b

(2.50±0.07)a

(2.6±0.1)

b

a

(3.7±0.1)
b

(1.19±0.03)b
(2.44±0.03)b

Emulsifying capacity (A) (0.23±0.02)

(0.41±0.04)

(0.24±0.01)b

(16.3±0.1)b

(15.1±0.1)a

(16.3±0.2)b

b

a

(47.9±0.9)b

(64.0±1.0)

b

(66.0±1.2)c

8a

12b

Emulsion stability/min
Foaming capacity/%

(47.5±0.6)

Foaming stability/%

(66.6±0.5)

Gelation capacity/%

12b

c

a

(45.0±0.7)

Values with diﬀerent lower case letters in the same row are
significantly diﬀerent (p<0.05).
WAC=water absorption capacity, OAC=oil absorption capacity,
A=absorbance of the sample at the initial time

Ginkgo seed (0.41 mL/g) (9). However, the pumpkin seed
albumin concentrate had similar oil-holding capacity to
the albumin concentrate from African locust bean (3.4
mL/g) (8).

Fig. 5. Electrophoresis of albumin extracts using diﬀerent extraction methods: EAE=enzyme-assisted extraction, UAE=ultrasound-assisted extraction, CE=conventional extraction, S=protein standards

sian pumpkin seed. However, the albumin profile in our
study and that in the study of Rezig et al. (3) were diﬀerent probably due to the diﬀerence in pumpkin varieties.
The albumin profiles (Fig. 5) from the ultrasonic and
conventional extractions were similar. The enzyme-assisted extraction resulted in a new band in the range of 14–22
kDa in comparison with the ultrasound-assisted extraction. The explanation is that selective degradation of carbohydrates in plant cell wall by Viscozyme L and random
breakdown of plant material by ultrasound can release
diﬀerent proteins into the extract.
Although a new protein band was observed in the extract obtained by enzymatic method, the functional properties of the albumin concentrate from both enzymatic
and conventional extractions were similar (Table 3). The
ultrasonic extraction changed the functional properties of
the albumin preparation. Possible explanation is that
shear forces and microstreaming generated from acoustic
cavitation can change structural conformation of the extracted proteins. As a result, the obtained functional properties of the albumin concentrate were modified (28).
Interaction of water and oil with proteins aﬀected the
structure and flavour of food products (6). The ultrasonic
extraction increased the water- and oil-holding capacity
of the pumpkin seed albumin concentrate by 2.1 and 1.4
times, respectively, in comparison with the enzymatic extraction (Table 3). The water-holding capacity of pumpkin
seed albumin concentrate was higher than that of the albumin concentrates from roselle seed (0.74 mL/g) (33) and

The pumpkin seed albumin concentrate from ultrasound-assisted extraction showed better emulsifying capacity but slightly lower emulsifying stability than that
from enzyme-assisted extraction. Previously, ultrasonic
extraction was reported to decrease the emulsifying capacity and have no eﬀect on emulsion stability of rice protein concentrate (15). Diﬀerent results can be explained by
diﬀerent conditions of the ultrasonic treatment. Emulsification properties of proteins have been used in stabilization of food emulsions (6).
Proteins have also been used to stabilise foam in food
systems such as some bakery products and sparkling
drinks (6). The ultrasonic extraction slightly reduced
foaming capacity and stability of the pumpkin seed albumin concentrate in comparison with the enzymatic extraction. Chittapalo and Noomhorm (15) reported a significant reduction in foaming capacity of the rice bran
concentrate obtained by ultrasonic method.
The lower the concentration of protein concentrate in
water for gelation, the better the gelation capacity. Ultrasound-assisted extraction improved gelation capacity of
the pumpkin seed albumin concentrate more than the enzyme-assisted extraction. It was reported that ultrasound
accelerated aggregation of egg white proteins in heat-induced gelation (34). In addition, ultrasonic treatment generated a firmer gel with enhanced water-holding properties and reduced gel syneresis (35).

Conclusions
Application of enzyme or ultrasound for albumin extraction from defatted pumpkin seed powder highly enhanced the albumin yield. The ultrasonic method needed
shorter extraction time but gave lower albumin content in
the extract than the enzymatic treatment. The enzyme-assisted extraction did not change water- and oil-holding,
emulsifying, foaming and gelation capacity, or emulsion
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and foam stability of the albumin concentrate in comparison with the conventional extraction. However, the ultrasonic extraction improved some functional properties of
the pumpkin seed albumin concentrate. Further study on
enzymatic and ultrasonic extraction of albumin from defatted pumpkin seed powder on pilot scale is essential for
the use of these advanced extraction methods in food processing.
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