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ABSTRACT: Functional properties of jojoba, linseed and canola
defatted meals as well as protein isolates were studied. After oil
extraction, the resultant defatted meals comprised 32.13, 35.34 and
43.75% crude protein incinding 83.54, 87.55 and 94.08% true
protein for jojoba, linseed and canola meals, respectively.
Simmondsin as antinutritional factor was 2.53% in jojoba defatted
meal. Linseed and canola seeds were free from simmondsin,
Glucosinolate was 32,10 umol/gm in canola defatted meal only.
Yields of protein isolate were 25.9, 16.0 and 17.0% from jojoba,
. linseed and canola defatted meals with protein recovery 70.41,
41.27 and 32.31 %, respectively. The concentration of simmondsin
in jojoba protein isolate and glucosinolate in canola protein isolate
were 2.95% and 4.9 pmol/gm, respectively. The lowest protein
solubility of studied defatted meals was observed at pH 3-4, while
the maximum extractable protein was found at pH 11. Linseed
protein isolate had the highest water holding capacity (6.8 ml/gm),
while canola as well as linseed defatted meals had the highest oil
holding capacity (2.5 ml/gm). Canola protein isolate acted as a
good emulsifying agent. It's emulsifying activity and emulsifying
stability were 85.5 % and 82.5 %, respectively, which was higher
than those of jojoba and linseed proteins. The foaming capacity
and foaming stability of all defatted meals and protein isolates
studied specially those of canola, increased with increasing pH
" value up to pH 7. Strong correlatien was observed between pil
and foaming stability. The presence of sugar improved the viscosity
of all studied protein dispersions, especially linseed defatted meal.
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INTRODUCTION

Oilseeds are valuable
agriculture crops in the world trade
(Shahidi, 1990). After oil
extraction, their defatted meals are
good sources for crude protein,
carbohydrates, crude fibers and
ash. Proteins from oilseeds are
recognized to be much more than
simple sources of nutrients. They
have good functional properties
such as emulsifying activity and
stability, foaming capacity and
stability and water and oil holding
capacities. Therefore, they possess
high functionality in food systems.

Few reports were published
for jojoba protein isolate. Wiseman
and Price (1987) found that the
protein concentrates of jojoba were

more soluble at alkaline pH than at-

neutral or acidic pH. The
capacities for absorbing oil and
water were similar to those of soy
protein concentrates. The capacity
and stability of foams from jojoba
protein concentrates were similar
to those of egg albumin.

Flaxseed (linseed) meal may
be considered as a potential source
of high- quality plant protein for
incorporation into food products
(Madhusudhan and Singh, 1983).
Functional properties of alkali-
extracted linseed proteins were
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comparable to those of soy protein
isolate (Dev and Quensel, 1986).
Heat treatment improved water
absorption, but reduced fat
absorption, nitrogen solubility and
foaming as well as emulsifying
properties of the isolated linseed
proteins {Madhusudhan and Singh,
1985). The high mucilage protein
concentrate of linseed had better
water absorption and emulsifying
properties, higher foaming
capacity, but lower nitrogen
solubility, oil absorption and foam
stability than low mucilage flour
and low mucilage protein
concentrate of linseed ( Dev and
Quensel, 1988) . Aqueous slurries
of linseed meal behaved as a
thixotropic liquid. They had high
viscosity when subjected to high
shear forces. Moreover, the
foaming properties of linseed meal
were highly correlated with protein
concentration and viscosity of the
meal (Oomah and Mazza, 1993).
The functional properties and uses
of flaxseed protein were previously
reviewed by Qomah and Mazza
(1995).

Canola meal had low
solubility properties but very high
fat absorption compared with
soybean meal (Naczk et al., 1985).
Emulsification activity of canola
protein isolate was related to
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protein solubility, hydrophobicity,
zeta potential and flow behavior of
aqueous dispersions of the protein.
On the other hand, emulsification
stability was affected by protein
solubility, zeta potential, apparent
viscosity of protein dispersions and
difference in density between the
aqueous and oil phase (Paulson
and Tung, 1988) :Canola proteins
had poor solubility between pH 2
and 10. The effects of pH on
solubility of canola meal showed
minimum protein solubility at pH
4 and maximum solubility between
pH 9 to 12. Canola meal and
canola protein isolate exhibited a
good functionality (El- Morsi et
al., 2000 and Aluko and Mclntosh,
2001). The canola protein isolate
“with a protein content greater than
or equal to 90 % was described for
use as a partial replacement for
components providing
functionality in food products
(Murray et al., 2003).

This work was designed to
study some functional properties of
jojoba, linseed and canola defatted
meal proteins as wall as protein
isolates including solubility, water
and oil  holding capacities,
emulsifying activity and

. emulsifying stability and viscosity.
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MATERIALS AND
METHODS

Commercial jojoba
(Simmondsia  chinensis, Link)
seeds were obtained from Egyptian
Natural Oil Co., Cairo, Egypt
during  2001/2002. Linseed
(Linum  usitatssimum),  variety
Sakha 1 and canola (' Brassica
napus) seeds, variety Pactol were
purchased from Field Crops

Institute, Agricultural Research
Canter, Giza, Egypt during
2001/2002.

Preparation of defatted meal:

Jojoba, linseed or canola
whole seeds were ground for 3 min
using a Moulinex mixer (Type
716, France) at maximum speed
and extracted with hexane for 8 hrs
as described by Simbaya et al.
(1995). After drying, the meals
were ground to pass through a
mm°* sieve,

Preparation of protein isolates:

Defatted meals (20 gm) were
extracted with distilled water (500
ml) after adjusting pH to 11 with 1
N NaOH. The extraction was
carried out by initial
homogenization for S min
followed by shaking for 2 hrs at
room temperature (25 + 1 C). The
pH was maintained at 11 during
the extraction period by adding 1
N NaOH. After centrifugation at
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4000 r.p.m for 20 min, the protein
isolate was obtained from the
supernatant after adding 0.5 %
sodium metabisulfite ( Blaicher et
al., 1983) by decreasing its pH 10 4
using 1 N HCI. The protein
precipitate  was collected by
centrifugation at 4000 rpm for 20
min. The protein isolate was
washed twice with distilled water
and then air dried at ambient
temperature. :

Chemical analysis:

Moisture, crude protein,
carbohydrates, ash and SO, were
determined according to the
- methods of ACAC (1995). The
crude protein was estimated by
multiplying nitrogen content by
6.25. All analysis were performed
in triplicates and the means were
reported.

The non protein nitrogen
(NPN) was determined according
to the method of Singh and
Jambunathan (1981). The true
protein content was obtained from
the following equation:

True protein (%) = (% total

nitrogen - % NPN) x6.25.

Determination of antinutritional
factors:

Simmondsin was determined
according to the method of Van
Boven et al. (1993). Glucosinolate
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was determined by a rapid
screening technique as described
by Watter and Youngs (1976).

Determination of tunctional

properties:

Protein  solubiiity  was
determined using the micro-
Kjeldah! method (A.0.A.C.. 1995)
at pH values ranged between 1 and
12,

The method of Sathe and
Salunkhe (1981) was followed to
determine the water and oil
holding capacities. One gram of
the sample was mixed with 10 ml
water or corn oil and mixed for 30
sec using a Moulinex mixer {type
716, France) at the maximum
speed. The samples were then
allowed to stand at room
temperature (25 + 1 °C) for 30 min
and centrifuged at 5000 rpm for 30
min. The volume of the
supernatant was recorded in a 10
ml graduated cylinder. Results
were expressed on dry weight
basis.

Emulsifying activity and
emulsifying stability were
determined by the method of
Yasumatsu et al. (1972). The
emulsion was prepared with simple
dispersion at pH 7.0 at an ultimate -
sample concentration of 3 % in the
emulsion. The sample (1.5 gm)
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was dispersed in 20 ml distilled

' water with a magnetic stirrer. The

dispersion was adjusted to pH 7
with 0.5 N NaQOH and the volume
made up to 25 ml with distilled
water. Corn oil (25ml) was added
and the mixture was homogenized
for 3 min at the highest speed of a
Moulinex mixer (type 716,
France). The obtained emulsion
was centrifuged at 3200 rpm for 5
min. The height of the emulsion
layer expressed as percent of the
total height of fluid in the tube was
recorded as emulsifying activity.
Emulsifying stability was
determined in a similar manner,
but after heating at 80 C in a water
bath for 30 min and cooling under
running tap water for 15 min.

- Foaming capacity and foaming
stability of the samples were
studied at different pH values (4, 5,
6 and 7) according to the method
of Sathe and Salunkhe (1981). One
gram of the sample was whipped
with 100 ml of citrate-phosphate
buffer at pHs 4, 5, 6 and 7 for 5
min using universal laboratory aid

mixer (type 309, Poland ) at speed -

setting "150" and was pound into a
250 ml cylinder. The total volume
was recorded at time intervals of
0.0, 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0
hrs.” Volume increase (%) was
according to the
following equation:
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Vol. increase Yo =(a-b)/bx* 100

Whereas: a = Volume after
whipping and b = Volume before
whipping.

Viscosity was determined
using a Brookfield viscometer
(Model DV-i, USA) at room
temperature (25+ 1°C) with spindie
No. 2 at speed of 60 rpm as
described by Askar and Treptow
(1993) . Three grams of the sample
was dispersed in 100 ml of
distilled water and adjusted to pH
7 using 0.2 N NaOH . The
solution-suspension was whipped
for 6 and 8 min using Universal
laboratory aid Mixer ( type 309,
Poland) at speed setting "150"
.Seventy five grams of sugar were
added to the solution-suspension
and were whipped for 6 and 8 min
. Viscosity of the resulting whip
was measured as mentioned above.
The results of studied functional
properties are the mean of there
determinations

RESULTS AND
DISCUSSION

Table (1) represents the
proximate composition of jojoba,
linseed and canola defatted meals.
After oil extraction, the resultant
defatted meals comprised 32.13,
35.34 and 43.75 % crude protein
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including 83.54. 87.55and 94.08 %
true protein for jojoba, linseed and
canola meals. respectively . These
results are in line with those
obtained by Wisntak (1994) and
Shani (1996) for jojoba, Robbelen
et al. (1989) for linseed and Naczk
et al. (1985), Zhou et al. (1990}
and El-Morsi et al. (2000) for
canola. The crude fibers and ash
contents of canola defatted meals
were higher than those of linseed
and jojoba defatted meals. The
lowest hydrolizable carbohydrate
content {28.79 %) was shown in
case of canola meal.

Simmondsin, as antinutritional
factor. was 2.53 % in jojoba
defatted meals. Linseed and canola
seeds were free from simmondsin.
In addition, glucosinolate was
32.10 pmol /gm in case of canocla
defatted meals only. These results
are lower than those reported by
Verbiscar and Banigan (1978) and
Van Boven et al. (1993). They
stated that simmondsin content in
jojoba defatted meal ranged
between 4.2-7 %. Concerning the
glucosinolate content in canola
meal, results observed in this study
were higher than those reported by
Zhou et al. (1990) and El-Morsi et
al. (2000).

Table (2) shows the yield,
protetn recovery and proximate
composition of jojoba. linseed and
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canola protein 1solates resulted
from defatted meals. Yield of
protein isolates were 259, 16.0
and 17.0 % from jojoba, linseed
and canola defatted meals with
protein recovery 70.41, 41.27 and
32.31 %, respectively. The crude
protein of resultant protein isolates
ranged between 77.65 and 79.89
%. Our obtained data are in
agreement with those found by
Wanasundara and Shahidi (1996
and 1997) for linseed. and
Gellberg and Tornell (1976) for
canola. The air dried linseed
protein isolate held moisture
(1236 %) higher than jojoba
(9.12%) and canola (6.61 %)
protein 1solates. Canola protein
isolate had the highest content of
carbohydrate (13.87 %) and the
lowest ash content (1.87 %) among
the studied samples.

The simmondsin content of
jojoba  protein  isolate  and
glucosinolate content of canola
protein isolate were 2.95 % and 4.9
pmol/gm, respectively. Sosulski
and Dabrowski (1984) reported
that  canola  protein  isolate
contained 1.4 pmol/gm glucose-
inolate. On the other hand canola
protein isolates were free from
glucosinolate {Tzeng et al., 1988;
Zhou et al., 1990). The bleaching
process during protein isolate
preparation using sodium
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metabisulfite led to color
improvement and produced a
protein isolates with SO, contents
ranged between 166 and 181 ppm.
The SO, concentration limit is
within the range of Egyptian
Standards for Foods
recommendation which is up to
2000 ppm.

Protein solubility profile:

The resuits given in Fig. (1)
illustrate the protein solubility
profile of jojoba, linseed and
canola defatted meals. The data
indicated that at pH 3, twenty
percent of the protein was
extracted from linseed defatted
meal and at pH 4, twenty two
percent and thirty five percent of
canola and jojoba proteins were
extracted from defatted meals,
respectively. The extracting of
protein was even better at pH 11,
where 80 % or more was
recovered.  Below pH 10 the
extraction reached a minimum as
previously mentioned at pH 3 and
4. Therefore, the protein was
extracted from defatted meals at
the optimum pH (11). The protein
solubility profile curves obtained
from the studied samples were of
the same general trend as those
reported by Medina and Trejo-
Gonzales (1990) for jojoba, Dev
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and Quensel {1988) for linseed and
Allam et al. (1997) and El-Morsi et
al.  (2000) for canola defatted
meals.

Water and oil holding capacities:

The results of water and oil
holding capacities are given in Fig.
(2). In general, water holding
capacities of defatted meals and
protein isolates were higher than
those in case of oil holding
capacities. The linseed proteins
showed the highest water holding
capacity, particularly  linseed
protein  isolate (6.8 ml/gm).
Moreover, the defatted meals of
studied samples had  water
absorption less than protein
1solates. The same trend was
observed for oil holding capacity.
Furthermore, the protein isolates
absorbed oil less than defatted
meals. The water and oil holding
capacities may be due to
distribution of polar and non-polar
groups to be available on the
surface of protein molecule and
hence would be able to bind more
water and / or oil. This is in line
with the results of Dev and
Quensel (1988), Wanasubdara and
Shahidi (1997} for linseed proteins
and Thompson et al. (1982) and
El-Morsi et al. (2000) for canola
proteins.
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Emulsifying activity and emulsi-
fying stability :

Data presented in Fig. (3)
show the emulsifying activity and
emulsifying stability of jojoba,
linseed and canola defatted. meals
and protein isolates. Canola
products, especially protein isolate
had the highest emulsifying
activity (85.5%) and emulsifying
stability (82.5%) followed by
linseed and jojoba protein isolates.
The emulsifying activity and
emulsifying stability of defatted
meals were less than those of
protein isolates for all studied
seeds. Generally, the emulsifying
stability is usually lower than the
emulsifying activity of studied
products. The differences exhibited

by. such products to emulsifying

properties may be attributed to
differences in the size and shape of
the particles and the charges
produced on the protein during the
preparation process (Oomah and
Mazza, 1995). These results agree
with those obtained by (Oomah
and Mazza, 1995) and
Wanasundara and Shahidi (1997)
for linseed and Dev and Mukherjee
(1986} and El-Morsi et al. (2000)
for canola protein products.

Foaming capacity and foaming
stability; '

Foam capacity properties
were determined for defatted meals
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and protein isolates of jojoba,
linseed and canola seeds at
different pH values ranging
between 4 to 7 as presented in Fig.
(4). The foaming capacities of
studied defatted meals markedly
increased with increasing thc pH
values reaching maximum value at
pH 7. The same trend was
observed with respect to protein
isolates. However, the foaming
capacities of protein isolates were
higher than those of defatted
meals. Canola products had the
highest foaming capacity followed
by linseed and jojoba protein
products. The canola protein
isolates reflected also the highest
foaming capacity at different pH
values, being 95 % at pH 7. Same
trend was observed with respect to
protein isolates. However, the
foaming capacity of protein
isolates was found to be higher
than those of defatted meals.

Fig. (5) demonstrate the
effect of pH on foaming stability
of jojoba, linseed and canola
defatied meals. It is obvious that
the canola proteins of defatted
meals have the highest foaming
stability and still keep the foam
after 3 hours at the different
studied pH values, especially at pH
6. The foam of jojoba defatted
meal protein disappeared quickly
after 2 hours ai pH 4 and at pH 3,
and after 1.5 hours at pH 7. The
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linseed -defatted meal protein lost
the foam at pH 4 and at pH 5 after
2.5 hours, but the foam was still
found at pH 6 and at pH 7 after 3
hours .

Fig. (6) show the effect of pH
on foaming stability of jojoba,
linseed and canola protein isolates.
Jojoba protein isolate lost the foam
rapidly than those of linseed and
canola protein isolates, particularly
at pH 4 after 3 hours, but the foam
volume of jojoba protein isolate
was constant at pH 6 after 2 hours.
- Canola protein isolate had the
highest foam volume at zero time.
However, the foam was lost
rapidly through the first 0.5 - 1
hour at the different pH values. In
spite of this fact, canola protein
isolate was still able to preserve
foam even after 3 hours at pH 6.
The behavior of foaming stability
for linseed - protein isolate was
almost similar to that of canola
protein isolate. The foam bubbles
produced in such products depend

on several factors including
mixture of gases, subdivided
solids, subdivided liquids and

multi-component - solutions  of
water, polymers/-and surfactant.
The functionality of - proteins in
foam capacity depends also upon
their abilities to reduce interfacial
tension, structures, solubility and
physical-chemical’ conditions
(Cherry and McWatters, 1981,
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Halling, 198t and Kinsella and
Srinivasan, 1981). The obtained
results are in agreement with those
reported by QOomah and Mazza
(1995).  They stated that the
foaming capacity and foaming
stability of linseed proteins
increased linearly with protein
concentration. This improvement
of foaming properties  with
increasing protein concentration is
due to the increase in the
proportion of soluble protein. On
the other hand, foaming properties
improved by increasing the pH
values due to the increase in
soluble protein. For canola
products, the same trend of the
effect of pH values on foaming
properties of rapeseed proteins was
observed by Allam et al. (1997).
The present data are lower than
those reported by El- Morsi et al.
(2000) and Aluko and Mclntosh
(2001).

Viscosity:

Table (3) show the viscosity
of jojoba, linseed and canola
defatted meals and protein isolates
as affected by addition of sugar
and whipping time. Generally,
jojoba and canola proteins
improved the viscosity after
whipping for 6 or 8 min. On the
other hand, the presence of sugar
with defatted linseed meals and
protetn isolates clearly increased
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the viscosity after whipping for 6
and 8 min. This characteristic can
be utilized in manufacturing of
toppings, chiffon mixes and
confectionary  products.. These
results are in agreement with those
obtained by Oomah and Mazza
(1993). They observed that
aqueous slurries of linseced meal
behaved as a thixotropic liquid
which have high viscosity. The
influence of sugar addition on
viscosity was previously stated by
Khalil et al. (1985) who reporied
that the viscosity of canola,
soybean, sunflower, safflower,
peanut, glandless cottonseed and
sesame  protein  isolates  were
increased in presence of sugar.
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Table (1): Proximate composition of jojoba, linseed and canola
defatted meals (on dry weight basis).

Component (%) Jojoba | Linseed | Canola
Moisture (%) 5.88 8.67 8.88 4
Crude protein (CP, %) 32.13 35.34 43.75

True protein (% of CP) 83.54 87.55 94.08

Untrue protein (% of CP) 16.46 12.45 5.92
Hydrolysable carbohydrate (%): 46.95 42.99 28.79

Soluble carbohydrate 11.61 9.21 7.2

Non-soluble carbohydrate 35.34 33.78 21.59
Crude fibers (%) 13.2 13.7 18.2
Ash (%) 4.96 5.79 6.65
Ant nutritional factors :

Simmondsin (%) 2.53 0 0

Glucosinolate (umol/gm) 0 0 32.1

(0) = (free)

Table (2): Yield, protein recovery and proximate composition of
jojoba, linseed and canola protein isolates (on wet weight

_ basis).
Parameters Jojoba | Linsced | Canola
Moisture (%) 9.12 12.36 6.61
Yield (gm/100gm) 259 16.0 17.0
Protein recovery (%) 70.41 41.27 32.31
Crude protein (%) 79.83 79.89 77.65
Total carbohydrate (%) 5.5 3.08 13.87
(by difference)

Ash (%) 2.6 4.67 1.87
Antinutritional factors:

Simmondsin (%) 2.95 0 0

Glucosinolate {1 mol/gim) 0 ¢ 4.9
SO, (ppm) 170 166 181

(0) = (free)
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Fig. (1): Protein solubility profile of jojoba, linseed
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Fig. (3): Emulsifying activity and emulsifying stability of jojoba,
linseed and canola defatted meals and protein isolates.
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Fig. (4): Effect of pH on foaming capacity of jojoba, linseed and
canola defatted meals (A) and protein isolates (B).
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Fig. (6): Effect of pH on foaming stability of jojoba, linseed and canola protein isolates.
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Table (3): Viscosity of jojoba, linseed and canola defatted meals and

protein isolates.

. Viscosity ( mpas )
Secds Protein No sugar added Sugar added
product
6 min | 8 min 6 min 8 min
Defatted meal 1.51 1.45 1.56 1.56
Jojoba
! Proteinisolate | 063 | 156 | 138 | 150
Defatted meal 1.88 4.00 15.10 6.31
Linseed .
Protein isolate 1.38 2.20 3.20 2.80
Defatted meal 1.03 1.90 2.31 2.44
Canola
Protein isolate 0.92 0.94 2.31 1.94
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