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Flax (Linum usitatissimum ) Seed Cake: A Potential Source of
High Molecular Weight Arabinoxylans?
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Water-soluble polysaccharides were extracted from flaxseed cake and analyzed. Two groups were
separated by anion-exchange chromatography. The first one (nonretained) was the major fraction
(83%) and possessed a high molecular weight (HMW) arabinoxylan (56%) with an Ara/Xyl ratio of
0.32 and an M, of 846 000. This polymer was accompanied by a smaller galactoglucan (44%), with
an M, of 6.5 x 10% The latter group (17%), retained by the gel, was further described as a HMW
pectin heterogeneous group, with, respectively, 3.1 x 10° and 1.3 x 10°. Despite the presence of
HMW arabinoxylans, the investigation of rheological flow sweep at the concentration of 2% (w/v) has
shown a slight shear thinning behavior with a small zero-rate viscosity at 9.6 Pa-s.
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INTRODUCTION cake in provenance of the oil industry, investigations on the
potential presence of those polysaccharides in the water extract
of the cake offer particular interest. In this study, the charac-

h terization of the polysaccharidic hydrocolloids from flaxseed
cake has been undertaken to establish monosaccharide composi-
tions, molecular mass determinations, and rheological data.

Flaxseeds are pressed to produce oil for various industrial
developments (i.e., paint, linoleum, .1)«3). After the recovery
of the ail, the residual cake is primarily used as a protein-ric
livestock feed 4—8). Some attempts have been made to develop
other uses for the residual cake, such as recovery of dyes in
wastewaterd). At this time, no substantial alternatives to animal
feed uses have been developed. On the other hand, the flaxseed8ATERIALS AND METHODS
have an additional valorizable part in their capability to form a

gel around them, called mucilage, when they are wetl€ ( Polysaccharide Extraction from Mucilage and Chromatographic

s e . Purification. Flaxseed cake were graciously given by Vandeputte (Ets),
11). Specific applications (such as texturing agent2){16) Mouscron, Belgium. Pieces of cake were ground finely. Polysaccharides

in the Cosm?t'c industry prove the F’_Ote”t'a' of this compound. from flax cake mucilage were extracted with stirring in water (1:60
Recent studies of the flaxseed mucilagé,(18) demonstrated ) during 2 h at 40°C. The ground cake fragments were removed
the presence of an interesting high molecular weight (HMW) py centrifugation (10000g, 7 min, 2C). Then, the supernatant was
arabinoxylan (AX) as the major component (75%). After the treated by filtration through different mesh sieves (1.5 mm; 460
elaboration of a purification process and its enhancement to a40 um) and concentrated 5 times with a rotative evaporator®@0
large-scale procedure, a structural characterization of this AX After an ultracentrifugation (300@030 min, 4°C), the soluble fraction

has been carried out. It revealed the presence of an AX mixtureWas collected and constitutive polysaccharides were separated at large
(polydispersity coefficient= 2.91) with a large average mo- scale using anion exchange_ chromatography as described previously
ecuar weightof 1.2 16 (19). s inrnic chaacterisics (19, PSS 210 1EEie s oy uvacs v et o o
(monosaccharides, type of I|nkage_, molecular weight) are compositions after hydrolysis.

probably due to the origin of the mucilage pseudo-gel behavior ) .

based on intermolecular associations that create a netdadyk ( Size Exclusion Chromatography (SEC).To study the molecular

. . o S mass distribution of neutral polysaccharides, polymers (50 mg) were
Thus, with the aim of finding new applications for the flaxseed solubilized in 20 mL of 50 mM ammonium acetate (pH 4.8) and applied

- on a Sephacryl-400 HR column (XK 2% 100 cm,V, = 178 mL,
* Corresponding author [telephone (33) 3 22 53 40 98; fax (33) 32295 v, = 530 mL) (Amersham Biosciences) eluted at 76 -l by
71 17; e-mail Philippe.Michaud@u-picardie.fr]. 50 mM ammonium acetate. Fractions of 5 mL were collected, and the
Université de Picardie Jules Verne. ] . ; .
§ Université de Rouen. concentrations of neutral polysaccharides were determined as described
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Quantitative Analysis. All analyses were performed at least in 2400
triplicate. Concentrations of neutral polysaccharides in the different <
fractions were determined by a microscale colorimetric assay. Neutral =2 2001
sugars (expressed inxylose equivalent) were quantified by absorbance o £
at 480 nm (Ag) after the addition of resorcinol in the presence of &5 1607
sulfuric acid (L9). A microplate spectrophotometer (Opsys MR, Dynex :‘c;,
Technologies, Chantilly, VA) was used for absorbance me(’a\surements.'g::.‘s =

Composition Analysis.The constitutive monosaccharide composi- E T80
tions in each polymer have been studied on the fractions separated by~ =
chromatography (anion exchanger followed by the Sephacryl elution). & 4004
Fractions were pooled, dialyzed (14000 Da MWCO) for 24 h against =

deionized water, and freeze-dried. Their respective hydrolysis has been 0- - : . : . . . - . :
conducted for 3 h at 100C with 1 mL of trifluoroacetic acid (2 M). 0 100 200 300 400 500
The composition was determined using high-performance anion- Flution volume (mL)

exchange chromatography (HPAEC), on a Carbopac PA-1 analytical
;ﬂ;r:rrc])ngitﬁc ZE?)OS(;n drgzéc?oertﬁéitloonr:exwggrp??rsfﬁ:::S\(/jal\g,ltg A{; .?yvl:ﬁg/ Q-Sepharose Big IBeads, by A4§o analysis after specific identification u§ing
five microliters of sample were injected with an autosampler. Each the method despnbed by Man|gny (29). Neutral polymers conpentratlons
carbohydrate concentration was established after integration of respec '€ expressed in p-Xyl equivalent (ug-mL™%). (- - -) NaCl gradient from 0
tive areas [Chromeleon management system (Dionex)] and comparisontO im

with standard curves obtained with all relevant monosaccharides ) ) - )

standards (Sigma). To investigate the neutral monosaccharides, thelable 1. Relative Monosaccharide Composition of the Different
elution has been achieved isocratically with 16 mM NaOH at a flow Fractions Recovered by Anion Exchange and by Size Exclusion

rate of 1 ml:min—%. On the other hand, to elucidate the acidic sugars Chromatography Analyzed by HPAEC

composition of all samples, a gradient of 160 mM NaOH (solvent A)
and 600 mM ammonium acetate in 160 mM NaOH (solvent B) was
applied at a flow rate of 1 mimin*. The gradient contained four steps ~ fraction  p-Xyl p-Gal p-Ara L-Fuc L-Rha p-Glc p-GalA yield?

Figure 1. Quantification of neutral (O) polysaccharides, after IEC on

sugar content (molar ratio)

(expressed in percent B in A): 0% during 10 min;: 00% from 10 F1 302 19.2 79 56 6.2 28.3 25 83
to 40 min; 100% from 40 to 45 min; 1660% from 45 to 50 min. Fla 415 258 133 7.8 9.1 15 1 56
On-line SEC/MALLS. Average molecular weight and molecular Flg 21 153 66 67 47 64.6 0 44

weight distribution were determined by high-pressure size exclusion 45 309 281 26 71 64 204 1

chromatography (HPSEC) with on-line multiangle laser light scattering -
(MALLS) [DAWN-EOS (Wyatt Technology Inc., Santa Barbara, CA) 2Based on total amount of material recovered (% wiw).

filled with a K5 cell and a He-Ne laser { = 690 nm)] and differential

refractive index (DRI) detector®0). Columns [OHPAK SB-G guard  peaks appeared constantly. They were named, respectively, F1
column, OHPAK SB 804 and 806 HQ columns (Shodex)] were eluted (83%) and F2 (17%).

with 0.1 M LINOs at 0.6 mL:min™*. Solvent was filtered through a 0.1 F1, the AEC nonretained fraction, constituted the preponder-
wm filter unit (Millipore), degassed (ERC-413), and filtered through a 53¢ polysaccharidic fraction with 37% of the cake. The
0.45um filter upstream column. The samples were injected through a monosaccharide composition was further determined by HPAEC

100 L full loop. Collected data were analyzed using the Astra V-4-
81-05 software package. The concentration of each eluted fraction Was.(Table 1). The result brought to the fore the presence of xylose

determined with the DRI (ERC 7515A) according to the known value in major part (30.2%) and two principal other neutral mono-
of dn/dC (0.15). mers: glucose (28.3%) and galactose (_19.2%). The respective
Viscosity Measurements.Rheological determinations were per- proportlong OfD_X.yI' D-Gal, andL-Ara did not follow those
formed at steady shear with an AR 2000 rheometer (TA Instruments, displayed in previous study fqr fIaxsgedB?][. The ratio Ara/
New Castle, DE) comprising a Peltier system and coupled with a XY! Of 0.26 appeared to be slightly higher compared to those
circulating bath that maintained the temperature at@5 Flaxseed measured in yellow flaxseeds (0.21) (18) and let us foresee the
neutral polysaccharides were obtained as described elsewt@ye ( Presence of an arabinoxylan. The presence in minor amount of
whereas the flaxseed cake AEC nonretained fraction was recovered ashamnose and galacturonic acid could be potentially attributed
described above. All of the samples were solubilized at 2% (w/v) in to hairy regions of pectins. In fact, their relative proportions
deionized water with stirring until complete solubilization. Shear flow between each other are in accordance with those described by
behavior was assessed by measuring the viscosity using a steel conecuyij et al. for the pectins of the flaxseeds mucilag&)( The

and-plate (40 mm radius, 2°) over the shear rates of D414 s™. nonretention of these fragments portends the towering esteri-
fication level on the carboxyl located at C6 of the galacturonic
RESULTS AND DISCUSSION acid by methyl groups, preventing their connection with the

chromatographic anion exchanger. With regard to significant

As the seed mucilage comprises various constitutive types rates of galactose and glucose, the hypothesis of the existence
of polysaccharides, such as rhamnogalacturonans and arabiof other polymers (in addition to the arabinoxylan) can be
noxylans (7, 18, 21, 22), it is reasonable to consider that the proposed.
pressure process applied on seeds could have an impact on the So as to separate potential F1 polymers, additional investiga-
polysaccharide distributions. To examine this distribution, tions were done. Fraction F1 has been recovered and freeze-
structural and physicochemical studies have been undertakendried, and 50 mg was eluted on SEC through an S-400 HR
From then on, the improved method used for the flaxseed column. The heterogeneity of the F1 fraction was illustrated
mucilage study18), including the anion-exchange chromatog- by the detection of two appreciably homogeneous peaks called
raphy (AEC) at large scale, was used to approach the purificationF1 and F% (Figure 2). Then, they were gathered individually
of the cake polysaccharide§igure 1). Due to the cake’s  in, respectively, 56 and 44% and analyzékhifle 1). The
heterogeneity, numerous extractions were done with a yield in respective positions of kRland F% in the S-400 SEC chro-
polysaccharides of 44.6 g per 100 g of cake. In all cases, two matogram pointed out a smaller molecular weight for the latter.
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Figure 2. Quantification of neutral (O) polysaccharides during SEC on
S400 HR column, by Asg analysis after specific identification using the
method described Monsigny (31). Neutral polymers concentrations are
expressed in p-Xyl equivalent (ug-mL™Y).
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Figure 3. 90° MALLS (—) and refractometer signals (=) of fraction F1,
after chromatography on OHPAK SB 804 and 806 HQ columns.

Table 2. Determination of the Molecular Weight, Polydispersity 03 -
Coefficient and Relative Proportion of Each Recovered Fraction
Analyzed by SEC-MALLS =.; i 4
g 06 - il
L i
fraction M2 Ml My? yield® 5 ; :
o L
Fla 8.46 x 10° 12 98 £ 04 | ty
Flg 6.5 x 10* 12 88 Z . f
global F2 2.0x10° 15 ' {
F2a 31x10° 10 45 s 02 F
F2g 1.3 x 10° 14 55 g r
g [
a My, weight-average molecular weight; M,/M, polydispersity coefficient. © Based & UR pF  See—
on calculated mass recovered (% wiw). 9‘
02 1 L L L | L L L J 1 1 1 1 l L L
The former, FA, exhibits a monosaccharide composition 5 10 15 20

globally similar to the entire nonretained AEC fraction (excepted Elution volume (mL)

for glucose), characteristic of an arabinoxylan with a high gigye 4. 90° MALLS (—) and refractometer signals (=) of fraction F1g

content of xylose (41.5%), an A/X ratio of 0.32, and a wide afier chromatography on OHPAK SB 804 and 806 HQ columns.
substitution by galactose. Concerning thegFHtaction, a

significant concentration of glucose (64.6%), accompanied by F1,
galactose in a minor amount (15.3%), was observed. These B I
results suggested the presence of glucans and/or galactans, tw_ o i i
cell-wall polymers 23, 24). At this stage of the work, the overall £ . [ ‘ul | \
nonretained AEC fraction (F1) was presumed to be a polysac-g i
charide mixture consisting preponderantly of arabinoxylans £ os |- \
(F1a), glucans and/or galactans @Jland, in smaller propor- E
tions, pectins. 04

HPSEC with RI and MALLS detections was used to § |
characterize the polymers by providing realistic values of their 3 Tk ]
molecular weights and molecular weight distributiofislfle a oo & _—,‘_J
2). As intended, the SEC-MALLS analysis of theaHtaction s i
(Figure 3) allowed the recovery of a single polymer (polydis- 02 0’ . . : . ]'0 s ]'s — q'o

persity coefficient= 1.2) with aM,, of 846 000. In contrast, .
the observation with Rl signal of only one peak in fraction F1 SATLEAL:HO R s L)

(Figure 4) thwarted the possible involvement of two distinct Figure 5. 90° MALLS (—) and refractometer signals (-) of fraction F2
macromolecules, such as glucans and galactans. However, théfter chromatography on OHPAK SB 804 and 806 HQ columns.

hypothesis of their elution in the same time can be considered

even it is less probable as the polydispersity coefficient is close GalA (20.4%), and Rha (7.1%), this fraction may be qualified
to 1 (Table 2). Therefore, the polymer could be assimilated to as a pectin type3, 24). Figure 5 displays the presence of two

a galactoglucan with M, of 6.5 x 10%. We underscore, onthe ~ major groups, respectively, kzand F2, in the F2 fraction.
chromatogram, the presence of a residual pollution (illustrated The first one presenteifl,/Mn close to 1, whereas the latter

by the MALLS signal) of this fraction by the Rlpolymer (8%). exhibited a polydispersity (1.4). Thus, £2nd F2 displayed,

After the description of the nonretained AEC fraction, we respectively, 3.k 10°P and 1.3x 10° molecular weight averages
analyzed the fraction F2 (Figure 1) represented in minor amount (Table 2). This analysis procured the information that fraction
(17%). The profile tended to be heterogeneous, implying the F2 contained two separate HMW macromolecular families.
coexistence of several species of macromolecules. This was To investigate the possible presence of interesting rheological
corroborated by the polydispersity coefficient of 1.5 obtained properties, the comparison of steady shear flow curves between
by the SEC-MALLS analysis on the global F2 fraction (Table flaxseeds and flaxseed cake AEC nonretained fractions has been
2). With regard to its proportions in Gal (30.9%), Ara (28.1%), carried out (Figure 6). They exhibited, at 2% (w/v), a shear
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Figure 6. Steady shear rheological flow curves of purified neutral fraction
of flaxseeds (®) and flaxseed cake (<) mucilages at 25 °C.

o000

thinning behavior (apparent viscosity decreases with increases
of shear rate) over the broad range of shear rates. A slight shear

thinning behavior was observed with the cake material. Despite
these similarities of rheological responses, they differed widely
in their zero rate viscosity evaluated by fitting the data to a

Cross model, with 826.5 and 9.6-Bdor, respectively, the seeds

and the cake dispersions. This result demonstrates that this

flaxseed cake neutral fraction, even if it included HMW
arabinoxylans, presents an insignificant viscosity and cannot be
used in the future in that condition as texturing agent. Astound-
ingly, this fraction contains the same type of HMW AX
(according to the structural studies) as the flaxseed mucilage
neutral fraction previously studied§). The important poly-

dispersity of the latter (2.94) suggests the presence of several

families of arabinoxylans. They could interact with themselves
to furnish this interesting rheological behavior (gel formation).
Hence, the negative impact of the oil extraction process

(temperature and high pressure) on the rheological properties (20)

could be attributed to the destruction of this putative network.
The exploration of this heterogeneity and of possible interactions
is actually in progress in our laboratory.

LITERATURE CITED

(1) Fouilloux, G. Améliorer le lin oléagineuBiofutur 1995, Sept,
24-26.

(2) Tadros, A. B. Marine anti-corrosion paint&nti-Corrosion
Methods Mater1992,39, 4-5.

(3) Rogers, E. H. Linoleum floor-covering. World Patent 9719219,
1997.

(4) Noble, R. C.; Penny, P. C. Method for conditioning animals with
polyunsaturated fatty acids resulting meat products and pig
carcass fat. World Patent 03028474, 2003.

Warrand et al.

(7) Hassan, M. R.; Azad, A. K.; Oman, F. A. M.; Akand, A. M,;
Das, P. M. Evaluation of some oil seed cakes as dietary protein
sources for fry of indian major carpabeo rohita(Ham.). In
Proceedings of the IV Asian Fish Nutrient Network Workshop,
5; De Silva, S. S., Ed.; Asian Fish Society Publication: Manila,
The Philippines, 1997; pp 107—117.

Mandokhot, V. M.; Singh, N. Studies on linseedinum

usitatissimum) as a protein source for poultry. |. Processes of

demucilaging and dehulling of linseed and evaluation of
processed materials by chemical analysis and with rats and

chicks.J. Food Sci. Technoll979,16, 25-31.

Liversidge, R. M.; Lloyd, G. J.; Wase, D. A. J.; Forster, C. F.

Removal of basic blue 41 dye from aqueous solution by linseed

cake.Process Biochemistr§997,32, 4473—477.

(10) Fauconnet, L. Texture submicroscopique du mucilage de la graine
de lin. Pharm. Acta Helv1948,23, 101—-108.

(11) Susheelamma, N. S. Isolation and properties of linseed mucilage.
J. Food Sci. Technoll987,24, 103—106.

(12) O’Mullane, J. E.; Hayter, I. P. Linseed mucilage. World Patent
9316707, 1993.

(13) Minkov, E.; Ovcharov, R.; Bogdanova, S.; Kassarova, M. Some
biopharmaceutical studies of emulsions of the O/W [oil/water]
type. Il. Linseed mucilage and its derivative as emulsifiers.
Pharm. Ind.1975,37, 836—839.

(14) Collin, N. Cosmetic composition comprising fibers and a film
forming polymer. U.S. Patent 6491931, 2002.

(15) Collin, N. Utilisation d'un polymeére pour obtenir un maquillage
rapide des matieres kératiniques. Fr. Patent 2817743, 2000.

(16) Chevalier, V.; Collette, A. Composition cosmétique contenant
des fibres et un polymére associatif. Fr. Patent 2846556, 2002.

(17) Cui, W.; Mazza, G.; Biliaderis, C. G. Chemical structure,
molecular size distributions, and rheological properties of
flaxseeds gumJ. Agric. Food Chem1994,42, 1891—1895.

(18) Warrand, J.; Michaud, P.; Picton, L.; Muller, G.; Courtois, B.;

Ralainirina, R.; Courtois, J. Large-scale purification of water-

soluble polysaccharides from flaxseeds mucilage, and isolation

of a new anionic polymerChromatographia2003, 58, 331—

335.

Monsigny, M.; Petit, C.; Roche, A.-C. Colorimetric determination

of neutral sugars by a resorcinol sulfuric acid micromettAowl.

Biochem.1988,27, 525—530.

Capron, |.; Grisel, M.; Muller, G. On-line size exclusion

chromatography and multiangle laser light scattering of high-

molecular-weight rigid polysaccharidekt. J. Polym. Anal.

Charact.1995,2, 9-20.

Muralikrishna, G.; Salimath, P. V.; Tharanathan, R. N. Structural

features of an arabinoxylan and a rhamnogalacturonan derived

from linseed mucilageCarbohydr. Res1987,161, 265—271.

(22) Fedeniuk, R. W.; Biliaderis, C. G. Composition and physico-
chemical properties of linseeHigum usitatissimurh.) mucilage.

J. Agric. Food Chem1994,42, 240—247.

(23) McNeill, M.; Darvill, A. G.; Fry, S. C.; Albersheim, P. Structure
and function of the primary cell walls of planténnu. Re.
Biochem.1984,53, 625—663.

(24) Heredia, A.; Jiménez, A.; Guillén, R. Composition of plant cell
walls. Z. Lebensm.-Unters. -Forsclh995,200, 24-31.

®)

©)

(19)

(21)

(5) Stewart, J. F. A food supplement containing essential fatty acids Received for review July 2, 2004. Revised manuscript received

and products therefrom. World Patent 02085133, 2002.

(6) Bell, J. M.; Keith, M. O. Nutritional evaluation of linseed meals
from flax with yellow or brown hulls, using mice and pigsnim.
Feed Sci. Technoll993,43, 1-18.

December 27, 2004. Accepted January 3, 2005. This work was supported
by the European Social Fund and the region of Picardie (France).

JF048910D



