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The isolation of lignan containing fractions
from flaxseed Linum usitatissimum L.

Abstract. This article is dedicated to the isolation of lignin-containing fractions from the flaxseeds Linum
usitatissimum L. The main component of these fractions is lignan-secoisolariciresinol diglucoside (SDG).
The authors have developed an effective extraction method for obtaining lignan-containing fractions
from flaxseed with a satisfactory yield of SDG-containing fraction and its isomers. This method was
implemented by microwave irradiation pretreatment of the seeds and by using environmentally friendly
extraction solvents. A 50/50 mixture of water and ethanol was chosen as extraction agents. Microwave
irradiation pretreatment of ground flaxseeds was carried out at 450W and 800W for 5 seconds, 4 times with
an interval of 5 seconds. SDG-identification was performed on an Agilent 1200 series high performance
liquid chromatograph and a Shimadzu UV-1900 automatic dual-beam UV spectrophotometer. The results
of the conducted studies showed that the microwave irradiation pretreatment of flaxseeds at 800W increases
the yield of SDG relative to the dry residue by 34.76% in comparison with the classical alkaline method,
and the content of the amount of lignans in recalculation on chicory acid was 43.53%. Thus, the extraction
method of lignans-containing extract including the stage of pretreatment by microwave irradiation with
power of 800W is the most effective method.
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optimal conditions.

Introduction

One of the raw materials for the production of
phytoestrogens is flaxseeds, one of the key industrial
crops grown in Kazakhstan. Flaxseeds accumulate
in their seedings a macromolecular complex
consisting of lignans. The main lignan in flaxseeds
is secoisolariciresinol diglucoside (SDG) (its specific
content is more than 2%). Along with SDG, other
substances similar in physicochemical characteristics
are also contained: p-coumaric acid, ferulic acid,
sinapic acid, caffeic acid and their glucosides [1; 2],
and other minor lignans (matairesinol, isolariciresinol,
pinoresinol, lariciresinol).

SDG has powerful antioxidant activity and also
exhibits bactericidal and antiviral properties. This
substance in flaxseed extract has been found to
have anti-cancer activity by blocking the effect of
CDK4 protein. When exposed to cancerous forms
in diabetic diseases, this substance shows sufficient
activity to inhibit the growth of malignant cells in the
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gastrointestinal tract [3; 4]. Researchers have shown a
positive effect of SDG on menopausal syndrome and
sexual dysfunction in women during non-hormonal
therapy [5].

All these properties make the isolation of these
substances, both in pure form and in the form of
lignan-enriched compositions, currently topical.

The most effective way to isolate biologically
active compounds from plant material is extraction,
which consists in the transference of substances of
plant material into a solution with an appropriate
solvent. The general scheme of lignans extraction
from flaxseeds consists of the following stages:
seeds grinding, their degreasing, extraction and
hydrolysis of the degreased mass, neutralization
and concentration of the obtained extract [6-8].
Degreasing with hexane is necessary to remove
lipids and to facilitate the extraction process of
phenolic components of flaxseed. The polyphenol
fraction containing secoisolariciresinol diglucoside
is a polymeric chain bound by a polysaccharide
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complex. Therefore, acidic, enzymatic and alkaline
hydrolysis methods are used to release SDG from the
bound state. Hydrolysis and extraction are the most
important stages as they determine the yield of the
extracts that include SDG. The most effective method
of hydrolysis is the alkaline method of hydrolysis
because the fermentative method is expensive and
has a low yield [9], and the acidic method has a
partial release of SDG as its major part is converted
into secoisolariciresinol [10].

Methods with the highest yield of SDG in the
extract using a mixture of dioxane and ethanol,
methanol and water are known, but due to the high
toxicity of the solvents, these methods are unsafe
[5; 6]. To increase the efficiency of extraction and
to increase the yield of the target product from plant
raw materials, microwave irradiation treatment
methods are increasingly used [11-13], which make it
possible to reduce solvent consumption and to reduce
the duration of extraction. It was found that with
prolonged microwave action, the yield of SDH is
significantly decreasesdue to catalytic destruction in
plant raw materials, therefore, short-term treatment
with microwave radiation is optimal [14].

Based on the above, the process of obtaining
extracts dominated by SDG remains a priority. In this
regard, this work was carried out to increase the mass
yield of the SDG-containing fraction and to study its
properties.

Work objective: Optimization of method of
obtaining lignan-containing extract by microwave
irradiation  pretreatment of flaxseeds using
environmentally friendly solvents.

Materials and methods

Flaxseeds Linum usitatissimum L. were taken as
an initial raw material for isolation of lignans fraction.
Manufacturing country is Kazakhstan (KazBAD).
Water-ethanol mixture (50/50) was chosen as extract
agents.

The physicochemical parameters of the initial
raw materials were determined according to GOST
[15].

Extraction of lignans fraction was carried out
according to the following methods:

1) According to the method (1) (control) of
extraction with parallel hydrolysis, the raw material
was crushed, a quantity of substance weighing 5 g
was taken, de-greasing of raw material was carried
out by hexane boiling for 1 hour in water bath with a
reflux condenser at raw material-hexane ratio equal to
1:6 [16]. After degreasing hexane was removed, the
raw material was dried and subjected to extraction
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in water-alcoholic solvent (50/50) for 1.5 hours
[17]. The resulting seed cake was separated from the
extract by filtration through a fine-mesh gauze filter;
the suspensoid was precipitated by centrifugation at
3000 rpm. The resulting extract as a true color solution
was subjected to NaOH hydrolysis at pH=10 [18] and
a temperature of 80 C for one hour. Neutralization of
the obtained extract was carried out to pH=6 using
0.1H HCI solution [19], the residual suspension
was precipitated by centrifugation at 3000 rpm. The
resulting extract was evaporated to dry weight.

The method (2) included pretreatment of ground
flaxseeds with microwave irradiation at 450W for
5s, 4 times with an interval of 5 seconds. Before
treatment the seeds were moistened with water in an
amount (1 part raw material to 3 parts water). The
treated raw material was further extracted according
to method 1.

The method (3) included microwave irradiation
pretreatment of the ground flaxseeds at 8O0W for
5s, 4 times with an interval of 5 seconds. Before
treatment the seeds were moistened with water in an
amount (1 part raw material to 3 parts water). The
treated raw material was further extracted according
to method 1.

Preparation of solutions of extracts for UV
spectral analysis: From dry extracts an accurate
quantity of substance weighing 0.010 g was taken
and dissolved in 10 ml of solvent (50% ethanol
solution in water), from the obtained solution with
a concentration of 1 mg/ml an aliquot of 1 ml was
taken, which was diluted 10 times to obtain a solution
with a concentration of 0.1 mg/ml, this solution was
studied by UV spectroscopy. UV spectral analysis
was performed on a Shimadzu UV-1900 (Shimadzu,
Japan) automatic dual-beam UV spectrophotometer.
The working spectral range was 200-500 nm. Spectral
slit width: 1 nm. The wavelength setting error is
within £0.5 nm.

The confirmation of the presence and
determination of SDG was performed on an Agilent
1200 series high performance liquid chromatograph
(HPLC) (Agilent  Technologies, = Waldbronn,
Germany) equipped with a four-channel gradient
pump, degasifier, autosampler, column thermostat
and diode matrix detector. Separation was performed
on an Agilent Zorbax SB-C18 column of 4.6x150
mm with a particle diameter of 5 pm at an eluent flow
rate of 1 ml/min. Time of analysis was 60 min. The
eluent used was a mixture of acetonitrile and 0.5%
(vol.) aqueous solution of ortho-phosphoric acid. The
elution was conducted in gradient mode, varying the
concentration of acetonitrile from 15 to 85%. The
column temperature was kept constant at 300°C. The
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applied sample volume was 20 pl. Detection was
performed at 4 wavelengths: 280+8 nm, 330410 nm,
350+8 nm, 370+8 nm.

Results and discussion
The physicochemical characteristics of the initial

raw materials are shown in Table 1, which are within
acceptable limits in accordance with literature data.

As shown in Table 2, treatment of flaxseeds
with microwave irradiation increases the yield
of extraction by dry residue. The highest yield of
extraction by dry residue is achieved when treating
flaxseeds with microwave irradiation at a power of
800 W.

Table 2 — The yield of extraction by dry residue

Table 1 — Physicochemical characteristics of flax seed Linum

usitatissimum L.

Extraction method

Yield of dry residue, %

Method 1 (control) 9.82
Method 2 10.76
Method 3 12.35

Index Values
Moisture, % 7.4
Total ash, % 2.34

Ash insolul?le ig 10% 03
hydrochloric acid, %

It was empirically found that the exposure time in
a microwave oven at 800 W should not exceed more
than 5 seconds for samples weighing 5 g, since the
destruction of substances begins to occur, and the
extraction efficiency decreases. A direct relationship
between microwave power and extraction efficiency
was also established.

0,9
0,8
0,7
0,6
0,5
0,4
0,3
0,2
0,1

To compare the quality of the extracts
obtained, their UV spectral analysis was carried
out at a concentration of 0.1 mg/ml and at different
wavelengths.

Figure 1 shows the dependence of UV spectra of
flaxseed extract depending on the methods of their
preparation. As can be seen from the Figure there is an
increase in optical density in extracts obtained by the
microwave irradiation treatment of seeds compared
to the control method, therefore, this extract is more
saturated with substances that absorb light at these
wavelengths.

= Control
450W
e SO0W

W., nm

220 240 260 280 300

320 340 360 380 400

Figure 1 — Dependence of optical density on wavelength
of flaxseed extracts at a concentration of 0.1 mg/ml
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The UV spectra of the flaxseed extract show
two intense peaks at 220 and 280 nm (Figure 1).
The maximum at 280 nm is of analytical importance
as it corresponds with the literature data of the
secoisolariciresinol fraction [20]. The results of
quantitative determination of the amount of
lignans converted to chicoric acid at 280 nm and a
concentration of 0.1 mg/mg are shown in Table 3.
These results indicate the increase of lignan fraction

yield in the extract with pretreatment of flaxseeds by
microwave irradiation at SOOW.

Using HPLC, the percentages of individual
compounds were measured depending on the resulting
fractions when the extracts were checked (Figure 2).

Percentage results are in Table 4. According
to the obtained spectra, at 2.7 min and 3.6 min the
compounds whose spectra coincide with those of the

SDG were detected.

Table 3 —Quantitative analysis of the amount of lignans converted to chicoric acid for the extracts.

Alkaline extract (Control), %
of the weight of quantity of
substance of dry residue

Concentration of the
solution to be tested

Microwave extract (450W),
% of the weight of quantity of
substance of the dry residue

Microwave extract (§00W),
% of the weight of quantity of
substance of the dry residue

0.1 pg/ml 8.77 36.18 43.53
Norm g '\Q@q’
] A
] &
B00y
500-
400
300
200-
100 |
o
25 5 75 10 125 15 175 B
Figure 2 — HPLC spectrum of the extract obtained containing SDG
Table 4 — Percentage fractions as a function of retention time
No. Time Area Height Width Area%
1 1.46 1388.8 137.1 0.1688 5914
2 1.66 1287.5 428.2 0.0501 5.483
3 2.204 7210.9 653.2 0.184 30.705
4 2.775 1494 154.3 0.1614 6.362
5 3.897 4578.5 442.2 0.1726 19.496
6 9.815 1164.2 118.6 0.1636 4.957
7 10.558 3660.9 351 0.1739 15.589
8 11.673 2699.3 236.7 0.1901 11.494
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According to the Table, the UV spectra of the
peaks, which correspond to the literature data of the
SDG peaks, fall on peaks 4-8. The total yield of the
SDG containing fraction and its isomers is 58% of
the obtained peak.

The above calibration graph was built on the
basis of a SDG analytical sample (Merk, USA). The

N S, mAu

o Oy~

Lo b b bbbl

o = N B

sensitivity of the method was 1 pg/ml. The average
error of the method does not exceed 7% with repeated
measurements. According to this graph (Figure 3),
the total yield of peaks 4-8 was 45.4% of the dry
matter weight. The obtained quantitative data on the
content of SDG of similar substances are consistent
with the above-obtained data.

y = 1.5519x - 1.517

Figure 3 — Dependence of the area under the chromatographic peak,
on the concentration of the SDG substance.

Conclusion

SDG is one of the main lignans contained in
flaxseeds. Lignans belong to a group of natural
phenolic compounds that have a wide range of
biological activity. These include reduction in
the risk of osteoporosis, as well as anti-cancer,
antioxidant,  cardioprotective,  hepatoprotective
and neuroprotective activity [21]. Concomitant
polyphenolic substances may, in some cases, exhibit
synergy with the target substances. Therefore, lignans
are of great interest in the fields of chemistry and
medicine for the creation of preventive and medicinal
products.

Due to the above factors, method for obtaining
a lignan-containing extract from flaxseeds Linum
usitatissimum L has been developed, which
includes pre-treatment with microwave radiation
using environmentally friendly solvents for
extraction. Obtaining these extracts is of great
practical importance, due to their multiple useful
properties.

The results of the conducted studies have
shown that the most optimal method for obtaining
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a lignan-containing extract is the method involving
pretreatment of flaxseeds with microwave radiation at
800W. It was found that the yield of SDG relative to
the dry residue increased by 34.76% with microwave
treatment relative to the classical alkaline method.
The obtained extracts contain a sufficient amount of
active target substances that have been confirmed by
HPLC.
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