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ABSTRACT

Flaxseed mucilage (linum usitatissimum L.) of Blinka variety was extracted using
water (1: 20 w/v) at 25-100°C. The mucilage was precipitated from the extract with 80%
ethanol in water (1:4 v/iv). The proximate composition, sugar composition, and functional
properties in terms of solubility, foaming capacity and stability, viscosity and microstructure
were studied. Results revealed that extraction with water at 25°C yielded only 3.0 to 5.2%
mucilage after 8 hours of extraction, while the extractions with boiling water yielded 8 %
mucilage over the same time. However, the finished product in the latter case was
considerably darker than the extracted with water at room temperature (25°C). Therefore, to
reduce browning and increase the yield of mucilage, the extraction was carried out at room
temperature but starting with boiling water. Using this procedure, over 90% of the mucilage
could be extracted within 4 hr. The proximate composition of mucilage extracted with
boiling water at 100°C showed higher crude oil, protein, and ash contents than that of
samples extracted with water at room temperature. Data aiso showed that the temperature
of the extraction had influenced the sugar composition of the polymers. Data revealed that
the solubility of 0.5% solution of flaxseed mucilage was between 70 - 90% and indicated that
it could be readily solubilized at concentrations up to 0.5%. Filaxseed mucilage gave foam
values about 75% of those of ovalbumin and had similar time-dependent stability. The
viscosity of flaxseed mucilage decreased as the shear rate increased with all concentrations
used. At low concentrations the flow curves tended to be a Newtonian behavior while at
concentrations above 0.3% the solutions exhibited shear thinning with increasing shear rate,
which is typical of polymeric solutions. The solubility, foam stability viscosity and
microstructure data suggested that flaxseed mucilage couid be used as a substitute for gum
Arabic in food formulations.

INTRODUCTION

Flaxseed (Linum usitatissimum L.) is extensively used for the
commercial productions of both fiber and oil. Flaxseed contains a seed coat
(hull) with a thin endosperm, an embryo axis and two cotyledons
comprising 36%, 4% and 55%, respectively of the totai seed weight (Bhatty
and Cherdkiatgumchai, 1990). Flaxseed hull consists of five distinct layers
with the outer most surface layer (epiderm) incorporating a mucilaginous
carbohydrate material (Freeman, 1995). The mucilage accounts for
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approximately 8% of the flaxseed weight (Mazza and Biliaderis, 1989). The
true hull (or spermoderm) is covered on the outside by epiderm containing
mucilage (58%) (BeMiller et al., 1993) and on the inside by the endosperm.

Fiax mucilage is a heterogenic polysaccharide and contributes
largely to the soluble fiber fraction of flaxseed which is suggested to have a
hypoglycaemic effect in humans (Cunnane et al., 1993). Flaxseed mucilage
can be easily extracted with water either from the fiber portion or from the
whole seed (Cui, et al, 1994; Warrand et al., 2003). The extraction yield,
the level of protein, and the physicochemical properties of mucilage are a
function of temperature. pH, ratio of water to seeds. duration of the
extraction and variety of the raw material (Cui & Mazza, 1996; Fedeniuk
and Biliaderis, 1994, Oomah et al., 1995). So far, the majority of studies on
flaxseed mucilages focused on the optimization of mucilage extractions
(Oomah et al, 2001), the characterization of the physicochemical
properties of the mucilage in solution (Goh et al., 2006; Oomah et al., 1995;
Stewart and Mazza, 2000; Warrand et al., 2005).

Flaxseed mucilages are commonly employed in the cosmetic
industry as texturing agents; however, in the food industry, their application
has not yet been extensively examined. Polysaccharides extracted from
flaxseed have shown promise as a novel food ingredient, however, very
little is understood on its effect when added to food emulsions (Alix et al.,
2009). Very limited data are available on flaxseed mucilage of varieties
grown in Egypt. Therefore, the aim of this research was to study the
extraction, composition, and the physicochemical properties of mucilage
from flaxseed varieties grown in Egypt.

MATERIALS AND METHODS
Flaxseeds

Three flaxseed (linum usitatissimum L.) variety: Biinka, was
obtained from Fiber Crops Institute (Sakha, kafr EI-Shekh), Agriculture
Research Center, Egypt during season 2007/2008. Flaxseed were cleaned
and kept in paper bags at room temperature until further analysis.

Chemicals R

Solvent used in this investigation were purchased from El-
Gomhouria Pharmaceutical Company and EL-Nasr Pharmaceutical
Company, Egypt and the fine chemicals were purchased from Sigma (St
Louis, MO, USA).

Vol. 14 (3),2009 606



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

Methods
Extraction of mucilage

Flaxseed mucilage was extracted according to the method
described. by (Bhatty, 1993). Flaxseeds were mixed with water (1:20 w/v)
and stirred for (0.5-8 hr) -at 25-100°C. The extract was separated by
filtration using glass wool. The mucilage solution was then concentrated on
a rotary evaporator at 40°C. The mucilage was precipitated from the extract
with 80% ethanol in water (1:4 viv). After allowing standing for 1 hr at 4°C,
the precipitate was collected by centrifugation at 6000 rpm for 35 min,
homogenized in water and freeze- dried.

Proximate composition of flaxseed mucilage

Moisture content was determined by drying the samples at 105°C,
total nitrogen, crude fat content, ash content were determined according to
the methods as described by the AOAC (1990). Total carbohydrate of
flaxseed mucilage content was determined by difference.

The sugar content of the extracted mucilage was studied. The
concentrations of the total sugars and of the acidic sugars were determined
by micro-scale colorimetric assays. The total quantities of carbohydrate
were determined by a method described by Dubois using the measurement
of the absorbance at 485 nm after reaction with phenol in the presence of
sulphuric acid.

The sugar composition of extracted mucilage was also investigated
using a (GC) after hydrolysis of the polysaccharides and trimethyisilylation
of the sugars. The samples (0.5-1 mg) were first dissolved in trifluoroacetic
acid (2 N), warmed at 110°C for 2 h and dried. Then, they were
methanolysed in 1 M anhydride acid in methanol (16 h, 80°C) using inositol
as an internal standard. Separation and analysis of trimethylsilylated
derivatives were performed using GC on capillary columns (DB 225; JW.
Instruments) with nitrogen as a carrier gas and an air—hydrogen mixture as
fuel.

Functional properties -

Foaming capaclg{ and stability of muculage was studied according to the
methods of Sathe and Salunkhe (1981). A sample (1 g) was whipped with
100 ml distillated water for 5 min in a blender at speed setting "HI" and was
poured into 250 ml cylinder. The total volume was noted at time intervals of
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0.0.0.5.1.0.20. 3.0.4.0, 5.0; 6.0 hr. Specific volume and volume increase
(%) were calculated according to the following equations:

vol. after whipping (ml)

Specific volume =
wt. after whipping

vol after whipping —vol before whipping (ml)
Volume increase = x 100
vol. before whipping

Viscosity measurements were carried out using aqueous solutions of 0.3,
0.5, and 0.7 % (w/ v) mucilage (pH 6.5) as described by Mazza and
Biliaderis, (1989). Mucilage was solubilized by stirring in hot distilied water.
Thick dispersions were centrifuged at 5000 rpm for 15 min to remove
entrapped air bubbies. The viscosity was determined using the Brookfield
digital viscometer (model DV- E) at room temperature.

Solubility of flaxseed mucilage was determined using a modification of the
procedure reported by Mazza and Biliaderis, (1989) The mucilage was
dispersed in distilled water (0.5% w/v) and the resultant slurry heated under
stirring at the desired temperature for 30 min in a temperature-controlled
water bath, cooled at 10°C, and centrifuged at 10°C in a Hettich centrifuge,
model Rota fix32. for 10 min at 5000 rpm and 10 additional min
at10.000rpm. Aliquots (10 mL) of the supernatant were dried to a constant
weight at 105°C to determine the percent solubilization of the mucilage. It
should be noted that this procedure, which was routinely used to measure
solubility of starches, does not give results on the effect of temperature on
solubility but on solubilization of the gums. Thus, solubility was determined
only at 10°C.

Scanning electron microscopy

The (mucilage) was individually observed by SEM using a (Jeol
JSM 6360 LA) microscope. Beforehand, samples were broken under liquid
nitrogen at -190°C and then covered with a gold layer. The sections were
observed to determine the homogeneity of mucilage. . '

RESULTS AND DISCUSSION
Extraction of the flaxseed mucilage
Effects of extraction time and temperature on mucilage yield from
belinka flaxseed variety are shown in Table (1). Data revealed that
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extraction with water at 25°C yielded only 3.0 to 5.2% mucilage after 8
hours of extraction, while the extractions with boiling water yielded 8 %
mucilage over the same time. However, the finished product in the latter
case was considerably darker than the extracted with water at room
temperature (25°C). Therefore, to reduce browning and increase the yield
of mucilage, the extraction was carried out at room temperature but starting
with boiling water. Using this procedure, over 90% of the mucilage couid be
extracted within 4 hr. Similar results were reported by Mazza and Biliaderis
(1989) using linott flaxseed variety. Mazza and Biliaderis (1989), Bhatty and
Cherdkiatgumchai (1990) and Fedeniuk and Biliaderis (1994) reported that
water is the most suitable extraction medium for flaxseed mucilage
intended for further studies.

Table (1): Effect of time and temperature on extraction yield of
mucilage from belinka flaxseed variety

m—
TR —

Mucilage concentration (g/100gm seed)

Extraction time

(hr)
25°C 100-25°C * 100°C
1 3.00 3.90 4.80
2 4.60 6.70 7.00
4 4.90 7.00 7.30
6 5.20 7.20 8.00
8 5.20 7.20 8.00

Proximate composition of flaxseed Mucilage

Table (2) shows the proximate composition of mucilage from belinka
flaxseed. Data revealed that mucilage samples extracted with boiling water
at 100°C showed higher crude oil (0.7%), protein (14.0%) and ash contents
(12.0%) than that of samples extracted with water at room temperature
(25°C), i.e., 0.45; 3.80; and 11.5 % (on dry basis), respectively. Mazza and
Biliaderis (1989) reported that the protein content of mucilage samples of
linott flaxseed variety extracted with boiling water was higher than that of
samples extracted with water at room temperature (4.6% dry basis).
However, ash, fat, and mineral contents were very simiiar.
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Table (2): Proximate and sugar composition of mucilage from belinka
flaxseed variety

Fla)fseed mucilage extracted at

Component i

25°C 100-25°C * 100 °C
Moisture 7.00 3.90 6.20
Crude oil 0.45 0.30 0.70
Crude protein 3.80 12.00 14.00
Ash 11.50 11.00 12.00
Carbohydrate (by difference ) 84.25 76.70 73.30
Uronic acid % 22.10 23.40 15.30
Rhamnose 20.30 15.40 9.30
Galactose 15.40 19.20 22.10
Arabinose 6.10 9.20 10.20
Xylose 34.50 30.20 28.60
Glucose 1.60 2.60 14.50

(a) Extraction performed initially with boiling water at 100°C.

The extractions at 25°C and at 100 to 25°C gave viscous and sticky
mucilage, which became fibrous, compact, and easy to recover after
precipitation in ethanol. The mucilage extracted, however, at 100°C was
jelly and slightly degraded and showing some browning due to the
presence of tannin). After precipitation in ethanol, it became poorly soluble
in water except in boiling water, possibly due to the presence of starch. The
total carbohydrate content as well as the polymer fraction (obtained after
precipitation with ethanol) decreased with increasing temperatures. It is
suggested that starch was progressively degraded due to the induction of
amylase activity so as starch oligomers were released but not precipitated
with ethanol. Reactions such as galactosidase activity might also occur as
the amount of galactose is higher in mucilage extracted at 25°C before
ethanol precipitation (Alix ef al., 2008). On the other hand, as previously
reported by (Alix et al., 2008), numerous proteins were solubilised at high
temperature but might be insoluble after alcohol precipitation. Two main
types of polymer have been identified by Alix, et al. (2008), and were acidic
pectin-like molecules called rhamnogatactuoranans and . neutral
arabinoxylans. The neutral polysaccharide has a larger molecular size and
exhibits shear thinning flow behavior in aqueous solution’s above 1% (w/w),
whereas the acidic polysaccharide has lower molecular size polymers and
exhibits Newtonian-like flow behavior even at a much higher concentration.

Vol. 14 (3). 2009 610



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

Flaxseed mucilage has potential industrial use because its emulsifying
properties were better than those of Tween 80, gum Arabic and gum
tragacanth .Flaxseed hydrocolloidal gum has previously been removed by
aqueous extraction (Susheelamma, 1987; Fedeniuk and Biliaderis, 1994);
however, the wet process is relatively expensive since it involves multipie
steps, including drying. Attempts have also been made to remove flaxseed
hydrocolloidal mucilage with dry dehulling of seeds by grinding and sieving
to obtain low and high protein products.

Sugar composition

Table (2) shows sugar composition of mucilage from belinka
flaxseed variety. Data showed that the temperature of the extraction
influenced the sugar composition of the polymers although all fractions
contained the two mucilage types. The sugars specific to the
rhamnogalacturonan backbone (galacturonic acid and rhamnose) were the
most abundant at the low temperature, i.e. in mucilage extracted at
25°C,the rhamnose content was 20.3% and that extracted from 100 to 25°C
was 15.4% and decreased to 9.3% when extracted at 100°C. In these
mucilages, the ratio of galactose (Gal) to rhamnose (Rha) increased from
0.75 to nearly 1.3. at 100-25°C. The latter being similar to that reported by
Alix et al. (2008) and slightly higher than those reported in the literature
(e.g. 0.5 in], 0.6 in( Warrand, et al/,2003), up to 0.8-0.9. Besides, this ratio
increased up to 2.5 at 100°C. Arabinose (Ara) content, however, increased
as the temperature of extraction increased. Its content increased from 6.1
at 25°C to 9.2 at 100 to 25°C and finally increased to 10.2 at 100°C,
suggesting that there might be some release of arabinogalactan (AG) due
to the high temperature. Two types of AG have to be considered: either
pectic AG-I consisting of a B-1-4 galactan backbone with a-1-5 arabinan
side chains or AG-Il consisting of complex carbohydrate moieties (similar to
gum arabic) branched onto a protein backbone, the whole structure
designated as arabinogalactan protein (AGP) (Alix et al., (2008).

Contrary, the percentage of xylose (Xyl), the sugar specific to the B-
1-4 xylan backbone present in the mucilage decreased as the temperature
of extraction increased, and ranged from 34.5 to 28.6% for mucilage
fractions, which was lower than in data reported from other varieties such
as yellow linseed of Laboulet.Est. (Airaines, France) ( Warrand, et a/,2003).
The ratio of (Ara) to (Xy!) increased from 0.18 to 0.35 with the increasing
the extraction temperature. It was of the same order as the previously
reported values comprised between 0.2 and 0.56 According to Warrand,
etal ,2005. arabinoxylans contain populations of polysaccharides with
Vol. 14 (3).2009 611
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different molecular weight (about 5,000,000 g /mol (less than 10%),
1,000,000 g/ mol (40%), 200,000 g/ mol (50%)). They also varied in the
amount of galactose present in the branched side chains. Glucose content
also increased as the extraction temperature increased from 1.6 at 25°C to
2.6 at 100-25°C then 14.5 % for mucilage extracted at 100°C.

The level of galacturonic acid in flaxseed mucilage reflected the
relative amount of acidic polysaccharides in the mucilage. Previous findings
have indicated that mucilage high in acidic polysaccharide exhibited typical
Newtonian-like flow behaviour in aqueous solutions (Cui, et al., 1994).
Thus, mucilage containing a higher amount of acidic polysaccharides
exhibit weaker rheological properties. In contrast, the level of xylose in the
mucilage reflected the relative amount of neutral polysaccharides, which
enhances the rheological properties of the mucilage by increasing the
characters of shear thinning and weak-gel properties (Cui et al., 1994)

Functional properties of mucilage
Solubility

Solubility of 0.5% aqueous solutions of flaxseed at 30-100°C is
shown in Figure (1). Data revealed that the solubility of 0.5% solution of
flaxseed mucilage was between 70 and 90% and indicated that it could be
readily solubilized at concentrations up to 0.5% (w/v). This was much
higher than the concentration range of 0.1-0.2% reported by BeMilier
(1973) and exactly similar to those reported by Mazza and Biliaderis
(1989). Data also revealed that temperatures at which the gums were
solubilized had little effect on solubility at 10 and 20°C.
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Fig (1): Solubility of 0.5% (w/v) flaxseed mucilage at 20-95°C

Foam capacity

The foam capacity and stability of mucilage of aqueous dispersions
of flaxseed is shown in Figure (2). Data revealed that the maximum time
could be reached in order to get the maximum foam stability was 3.0 hours.
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Fig (2): Foam capacity of flaxseed mucilage
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The maximum foam capacity, however, was 142 ml, meaning 42% increase
in the volume. For 1% (w/v) solution used in the present study, flaxseed
mucilage gave foam values about 75% of those of ovalbumin and had
similar time-dependent stability. The foam values of 0.5% and 0.1%
solutions were 63 and 57% of the respective ovalbumin dispersions and
;I;\S)égv)vere far less stable over time as reported by Mazza and Biliaderis

Viscosity

The effect of shear rate on the apparent viscosity of mucilage at
concentrations between 0.3 and 0.7 is shown in Fig. 3. Data revealed that
viscosity of flaxseed mucilage decreased as the shear rate increased with
all concentrations used. At low concentrations the flow curves tended to be
a Newtonian behavior while at concentrations above 0.3% the solutions
exhibited shear thinning with increasing shear rate, which is typical of
polymeric solutions (Fig 3 a, b and c¢). Data also revealed that the
concentration had pronounced effect on the apparent viscosity of mucilage.
At the same shear rate, the apparent viscosity increased as the
concentration of mucilage solution increased (i.e. the apparent viscosity
was 45.5, 101.5, and 590 cp at concentration of 0.3, 0.5, and 0.7,
respectively). When compared with other carbohydrate hydrocolloids at
equal solids level (0.3% wi/v), the flaxseed mucilage at low shear rates had
intermediate viscosity between gum arabic and locust bean or guar gums
(Mazza and Biliaderis, 1989). According to Bhatty (1993) the viscosity of
mucilage extracts increased as the weight of flaxseed hulls in the
dtispersion is increased, thus providing a measure of mucilage content in
the extract.

Scanning electron microscopy

Flaxseed mucilage, a mixture of neutral and acidic polysaccharide,
is present entirely in the seed coat, invariably called true huli or
serpmoderm, the mucilage layers being on the outermost (epiderm) of the
seed coat. The presence of mucilage in the outermost cells of the seed
coat was readily apparent from scanning electron micrographs (Fig.4a, b)
(Bahatty, 1993). The top part of the figure shows the outside of unsoaked
seed coat fragment containing the mucilage, the cells were filled with the
mucilage and the cell cellular structure was completely masked. The
bottom part of the figure shows scanning electron micrographs of the seed
coat after soaking in water. The mucilage dissolved in water, ieaving behind
empty-looking cells with clearly defined cell walls, the two micrographs
provided a contrasting view of the outer layer of the seed coat. The soaked
seed coat cells appeared pentagonal, many with unequal sides. According
to Freeman (1992), the outermost layer of flaxseed coat varies in shape
from rectangular to polygonal and is characteristic of the variety. Alix et al.
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(2008) have also observed this contrasting structural difference of flaxseed
coat cells after soaking of huli fragments in water. In the present study,
however, it was the first time to elucidate the microstructure of the mucilage
using scanning electron microscope. The morphology of the section of the
mucilage extracted at 100 to 25°C was examined by SEM (Fig. 5a,b). The
extraction temperature did not influence the appearance of the mucilage.
The mucilage appeared homogeneous and dense (Fig. 5a, b). No
aggregates or granular appearance were detected in the samples indicating
the complete homogeneity of the mucilage No alteration of the mucilage
appeared to be due to the cross linking conditions. The mucilage fibers
were completely integrated into the mucilage matrix (Fig. 5a, b).

The solubility, foam stability and viscosity data suggested that
flaxseed mucilage could be used as a substitute for gum arabic in food
formulations. Flaxseed mucilage is commonly employed in cosmetic
industry as texturing agent, however, in food industry, their application has
not yet extensively examined. Polysaccharides extracted from flaxseed
have shown promise as a novel food ingredient, however, very little is
understood on its effect when added to food emulsions.
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Fig.4a,b: Scanning electron microscopy of unsoaked and water-soaked
fragments of seed coat of tlaxseed, showing presence (top) and
absence of mucilage (bottomQO of mucilage. Magnification 328X,
bottom, magnification 630X (from: Bahatty, 1993
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Fig- (5) b a microstructure of the mucilage using scanning electron
microscope. The morphology of the section of the mucilage

extracted at 100 to 25°C was examined by SEM .
Vol. 14 (3), 2009 618



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

REFRENCES

Alix, S., S. Marais, C. Morvan b, L. Lebrun. 2008. Composites:
Biocomposite materials from flax plants: Preparation and properties,
Part A 39 (2008) 1793—-1801. New York, pp. 227-256

AOCS 1990. Press. Champaign, lllinois- pp. 56-81.

Aspinall, G. O- 1982. the Polysaccharides. Vol 1, G. O. Aspinall.(ed).
Academic Press, Inc. NY, NY. P. 36-13 1.

Bahatty R.S. 1993. Further compositional analysis of flax: Mucilage, trypsin
inhibitors and Hydrocyanic acid ,JOACS,VOL,70, 93-98.

BeMiller JN, Whistler RL, Barkalow DG. 1993. Aloe, chia, flaxseed, okra,
psylium seed, quince seed, and tamarind gums. In: Industrial
Gums, eds Whistler RL and BeMiller JN, 3rd ed, Academic Press.

Bhatty, R.S., and Cherdkiatgumchai, P, 1990. Compositional analysis of
laboratory-prepared and commercial samples of linseed meal and of
hull Isolated from flax-J AOCS. 67(2).79-84.

Cui, W-, Kenaschuk, E., and Mazza, G- 1996. Influence of genotype on
chemical composition and rheological properties of flaxseed gums-
Food hydrocolloids 10(2):221-227- Cui W. & G. Mazza
Physicochemical characteristics of flaxseed gum Food Research
international, Vol. 29, Nos 3-4, pp. 397-402, 1996.

Cui, W,, Mazza, G., and Biliaderis, C. G. 1994b. Processing optimization
and physicochernical characteristics of flaxseed polysaccharide
gums- In:Gums and Stabilizers for the Food industry 7. G-0. Philips,
P. A Williams and D. J. Wediock (eds), Oxford University Press. Ny
. pp. 139-148.

Cunnane SC, Ganguli S, Menard C, et al. 1993. High a-linolenic acid
flaxseed (Linum usitatissimum). Some nutritional properties in
humans. Br. J. Nutr. 69: 443-453.

Fedeniuk, R-W. and Biliaderis, C.G. 1994. Composition and
physicochemical properties of linseed (Linum usitatissimum L.)
mucilage. j. Agric, Food Chem- 42240-247.

Freeman TP. 1995. Structure of flaxseed. In: Flaxseed in Human Nutrition,
eds Cunnane SC and Thompson LU, AOCS Press, Champaign, IL,
pp. 11-21.

Functional Foods: Biochemical & Processing Aspects, ed Mazza G,
Technomic Publishing, Lancaster, PA, pp. 91-138.

Goh, K. K. T., Pinder, D. N, Hall, C. E., & Hemar, Y. 2006. Rheological
and light scattering properties of flaxseed polysaccharide aqueous
solutions. Biomacromolecules, 7, 3098-3103

Vol. 14 (3),2009 619



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

Huang, X., Kakuda, Y., & Cui, W. 2001. Hydrocolioids in emulsions:
particle size distribution and interfacial activity. Food Hydrocolloids,
15, 633-542.

Mazza, G. and Biliaderis, C. G. 1989 Functional properties of flax seed
mucilage. J. Food Sci, 64 (5), 1302-1305 Journal of Food
Engineering 89 (2008) 87-92.

Mazza, G. and Oomah, B.D. 1995, Firuseed, Dietary Fiber, and
Cyanogens. In: Flaxseed in Human Nutrition. S.C Cunnane and
LU- Thompson (eds).

Oomah BD, Mazza G. 1993 Flaxseed proteins — A review. Food Chem.
48:109-114.

Oomah BD, Mazza G. 1998. Flaxseed products for disease prevention. In:

Oomah, B. D., & Mazza, G. (2001). Optimization of a spray drying process
for flaxseed gum. International Journal of Food Science and
Technology, 36, 135-14.

Oomah, B. D., Kenaschuk, E. O., Cui, W. W., & Mazza, G. 1995
Variation in the composition of water-soluble polysaccharides in
flaxseed. Journal of Agricultural and Food Chemistry, 43, 1484-
1488.

Sathe.S.K. and Salunkhe, D.K. 1981. Functional properties of the great
northern bean, (Phaseolus vulgaris) proteins, emulsion [foaming,
viscosity, and gelatins properties ,journal of food science, vol .46,71-
75.

Seddik Khalloufi, Marcela Alexander, H. Douglas Goff, Milena
Corredig. 2004. Physicochemical properties of whey protein isolate
stabilized oil-in-water emulsions when mixed with flaxseed gum at
neutral pH, Food Research International 41 (2008) 964-972.

Stephen, A.M., S.C. Churms, in: AM. Stephen (Ed.) 1995 Food
Polysaccharides and Their Applications, Marcel Dekker,New York,
p. 377.

Stewart, S., & Mazza, G. 2000. Effect of flaxseed gum on quality and
stability of a mode! salad dressing. Journal of Food Quality, 23,
373-390.

Susheelamma, N.S. 1987. Isolation and properties of linseed mucilage. J.
Food Sci. Technol. 24:103-106.

Susheelamma, N.S.; Chand, N.; and Rajaiakshmi, D. 1991. Modeling the
gelling behavior of linseed polysaccharide. J. Text. Stud
22:413421.

Warrand, J., Michaud P, Picton L, Muller G, Courtois B, Ralainirina R,
et al. 2003. Large-scale purification of water-solubie

Vol. 14 (3). 2009 620



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

polysaccharides from flaxseed mucilage, and isolation of a new
anionic polymer. Chromatographia 2003; 58:331-5.

Warrand, J., P. Michaud, L. Picton G. Muller, B. Courtois, R.
Ralainirina b, J. Courtois. 2005. Structural investigations of the
neutral polysaccharide of Linum sitatissimum L. seeds mucilage,
International Journal. of Biolagical Macromolecules 35 (2005) 121-
125. '

At daphall ducl s g 4SSy OUSI 3,0 7B g (DRI

(") e jaad 35 dana () e daal ama () gl daae jee
) 1505 aealdl 36 saaa el
A4 uCAY) Aaals = LEL Ll = ael 30 &S — 453 Y1 pgle auidi (V)
4o NS ¢ B and Copall g ¢ Aoy il g aalall s s 4isaa (V)

g o=l ( Linum usitaissium L.) Sub (e (o GBS 350 7 g addiul 5
TN sall e 5 iy Ve = YO 5 e Aayn e (WIV) VY Ay el pladuly  eas
eSSV astis gl ol a0 5 Sl S iy s staSl S A e JS AW iy L%eA e J B
S elally el o il ekl y o B S iy da g5y 058 I Sy Ay s
i hy el paBALY! Laly DAl Slel A 2D % ©,Y-T o dath il Y0
oo oaliiul 3 e Getl 4ig) yiay 5 AVl Aladl 8 el il IS 5 LB ki b %A
oo o ek 2D gall e Sl B0l 5y Al sl sl AN, &8N 5 ) e 4s 0
Ome %o Qv e 81 DA (Sl 4y phall 03y L (e elay Aol S5 28005 ) s A 0
et Ve aie iy elay paliiud 53 mDhu gl o el Sy Slele £ DS sl
ol A e palituadl m b gall (e sla g G55l 5 Al Cul Ga g sinall (B el
Sl S I S 5 e e 50 Ld S padaiuY 5 ) e Aa o of L Ul i S8, - 330
Gin gy %RV n S mlhsall e Jolaall b % 0 Al ) pilll O gl 5.asaal
e %V Jgn bgt oSN e el Sy %00 I Jeay S5 e adid 85 L
LalS SN 3% 7 Mnage A g P bl By o LA () e Ledy Olandl Oe gl 4xiial)
Vol. 14 (3),2009 621



J. Adv. Agric. Res. ( Fac. Ag. Saba Basha)

sl Digiaie SIS Auaddiall i3S AN ey . aandiudl 2 S G S s shear rate J oo
Jadaal S8 %Y e Je¥ )5S Al i Newtonian behavior JLi il ol sl
Jrsy . Sl Jollae Bsy g3, shear rate J a4« shear thinning
g ge plaiind Al e Bl S il g as gl g0 gl Dliy aadld e S Al sl

RV RV OR[N T SUON g RV QU e

Cu;'»

Vol. 14 (3), 2009 622





