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ABSTRACT

Flaxseed is one of dietary sources contain considerable amount of phenolics namely lignan. The aim of this study was to evaluate
the potential activities of lignan extracts as a potential source of antioxidant and antimicrobial agents. Five flaxseed cultivars namely
(Amon, Blanka, Lithuania, Sakhal and Teka) were studied. DPPH' scavenging activity and Fe”-chelating were studied at the different
concentrations of lignan extract from 5ug/ml to 50 ug/ml. Lithuania cultivar revealed the highest inhibition % against the stable free
radical DPPH (9.05 to 88.56 %) compared with butylated hydroxy toluene (BHT) as standard agent (40.31 to 93.94 %). In addition,
lignan extracts of all flaxseed cultivars also showed highly Fe”-chelating antioxidant power especially Lithuania and Teka cultivars.
Identification of lignan extract by HPLC showed the presence of many phenolic compounds (p-coumaric acid (CouA), 5-
hydroxylmethyl-2-furfural (HMF), ferulic acid (FerA) and secoisolariciresinoldiglucoside (SDG) in variables levels. SDG was found as
the most abundant constituent of lignan extract in all cultivars of flaxseed. Maximum antimicrobial activity was observed with
ethanolic extract of Lithuania against Gram negative bacteria, whereas, ethanolic extract of Teka had antibacterial effect against
Gram positive bacteria. All extracts were inactive against A. niger, and C. albicans. The MIC values were ranged from (224 to
488ug/ml). Amon and Blanka cultivars displayed a highest MIC value (366 and 348ug/ml) against Gram negative and (488 and 464
pg/ml) against Gram positive, respectively. While, Lithuania cultivar showed the lowest MIC (224 pg/mL) for each microorganism.

Keywords: Antioxidants and antimicrobial, Flaxseed, Lignans.

These results are considered as most important and promising finding in pharmaceutical properties of lignans.

INTRODUCTION

ignans, secondary plant metabolites, are widely

distributed in edible plants." Lignans are becoming

increasingly important for their possible application
in the fields of pharmacy and nutrition, and have been
found to possess a variety of biological properties.
Lignans belong to a group of plant phenols which are
characterized by coupling of two phenyl propanoid units.’
Lignans are found in most fiber rich plants, including
grains such as wheat, barley and oats; legumes such as
beans, lentils and soybeans; and vegetables such as garlic,
asparagus, broccoli and carrots.>*

Flaxseed lignan such as secoisolariciresinol (SDG), the
mammalian lignans such as enterodiol and enterolactone
act as antioxidants.” Flaxseed (Linumusitatissimum, L.)
contains  the largest  amount  of lignan,
secoisolariciresinoldiglucoside (SDG) among all the grains,
legumes, fruits, and vegetablesﬁ, and is the richest dietary
source of the plant-based SDG’, which can be
metabolized to the mammalian lignans, enterodiol and
enterolactone by human intestinal micro flora.®
Secoisolariciresinol (SECO) and SDG are known to have a
number of potential health benefits, including reduction
of serum cholesterol levels, delay in the onset of type II
diabetes, and decreased formation of breast, prostate
and colon cancers ' **, which may be partially attributed
to their antioxidant properties.>®? Other phenolic
compounds such as p-coumaric acid and ferulic acid are

also present in glucosidic forms as a part of oligomers.”**

Flaxseed derivatives such as defatted flaxseed meal or
flax hulls have higher SDG concentrations; they were
found to contain about 2.3 and 4% SDG. The flaxseed
lignan is secoisolariciresinoldiglucoside  (SDG); its
concentration varies with the cultivated variety. SDG
concentrations ranging from 1 to 1.9% on a fresh weight
basis as was reported by.16 Flax hulls can be obtained
from dry flaxseed by abrasive dehulling and separation of
hulls from embryos by sieving or aspiration. The SDG
content of flax hulls free of oil and mucilage was 2-10
times greater than that of the seed material used for
dehulling."” An inverse linear relationship between the
SDG and the oil contents of the hull, the intact seeds and
the embryos fractions resulted from a dehulling process.™®
The lignans possess a wide spectrum of biological
activities; including antimicrobial was investigation.” The
potential of some natural and semi-synthetic lignans
against mycobateria and oral pathogens.”>* The authors
reported that the hulls contained 46 times more SDG than
the embryos. Therefore, defatted flaxseed meal and flax
hulls are preferred to whole flaxseed meal as raw

materials for SDG extraction, concentration and
purification.

MARERIALS AND METHODS

Chemicals

2,2-Diphenyl-1-picrylhydrazyl
secoisolariciresinoldiglucoside

(DPPHY) and
(SDG) were purchased
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from Sigma—Aldrich from Sigma—Aldrich (St. Louis, MO).
3-(2-Pyridyl) -5, 6-diphenyl-1, 2, 4-triazine-4’, 4"-disulfonic
acid monosodium salt (ferrozine) were purchased from
Fluka (Buchs, Switzerland). All other chemicals and
solvents were of the highest commercial grade and
obtained from Sinopharm Chemical Reagent Co. Ltd.
(Shanghai, China).

Plant materials and Cultivation Conditions

Five flax cultivars were obtained from (Field Crops
Department, National Research Centre, Egypt and were
grown under field conditions). These five flax cultivars of
Egyptian origins were grown at the Agricultural
Experimental station of NRC, Nobaria district, West Delta
during one successive winter growing season 2011. Flax
cultivars were, namely, Amon, Blanka, Lithuania, Sakhal
and Teka were grown in Complete Randomized Block
system in four replications. Each plot consisted of 10 rows
(3.0 m in length and 20 cm in width, with an area of 6.0
sg.m). These cultivars were grown with 120 gm of
flaxseeds (equivalent to 199.92/ha). The normal cultural
practices of growing flax were followed as recommended
by Ministry of Agriculture and land reclamation (MALR)
information after seed broadcast until symptoms of
ripening and appearance of full seed maturity, then
harvested. Only irrigation was followed using sprinkler
irrigation system.

Representative random samples of flax seed were taken
for analysis for the one growing season, and hence the
results followed a similar trend to.”> For comparison
among different mean values, LSD test at 5% level was
practiced. After seed maturity, the plants were
immediately harvested and seed samples were collected.
Clean parts of the harvested seeds were used for the
extraction, determination of lignin compounds, and for
the determination of their antioxidant and antimicrobial
activities.

Lignans extraction
Preparation of Defatted Flaxseed Powder

Flaxseeds were ground in a grinder to obtain a fine
powder (110-120 mesh). The powder was defatted with
n-hexane (1: 6 w/v) at room temperature for 16 h. The
defatted powder was air dried for 18 h and stored in
deepfreeze (- 8 °C) for further use.

Lignans extraction procedure

The defatted powder of flaxseed cultivars (200 g) was
blended with ethanol 70% (1.2 L) at 30 °C for 24 hours.
The extract was filtered using a filter paper Whatman No.
1 then concentrated at 40°C using a rotary evaporator at
90 rpm. Light yellow syrup was obtained. The syrup was
hydrolyzed with 1M NaOH at room temperature for 16 h.
The hydrolyzed syrup was acidified with 0.5M HCI to pH 6.
The solution was cooled down to 15°Cthen centrifuged at
2000 rpm for 10 min to precipitate and remove water-
soluble polysaccharides and proteins.”® After drying
process for lignin extract, the weight of lignans was

ISSN 0976 — 044X

determined and the acquired ratio of lignans was
calculated using the following equation:

Acquired ratio of lignans (%) = (Weight of dried lignans /
Weight of defatted flaxseed powder) x100

Antioxidant activity
DPPH scavenging activity

The DPPH radical scavenging activity of lignan flaxseed
extract was described by using, 0.1 mM of DPPH' in
methyl alcohol was prepared and 0.5 ml of this solution
was added to 1 ml of lignan extracts at different
concentrations (5, 10, 20, 35, 50 pug/ml). Methanol was
used as blank. The mixture was shaken vigorously and
allowed to stand at room temperature for 30 min. Butyl
hydroxyl toluene (BHT, Sigma) was used as positive
control; and negative control contained the entire
reaction reagent except the extracts. Then the
absorbance was measured at 515 nm against blank
(methanol pure). Lower absorbance of the reaction
mixture indicated higher free radical scavenging activity.”*

The capacity to scavenge the DPPH radical was calculated
using the following equation:

DPPH scavenging effect (Inhibition %) = [(Ac — As / A¢) X
100].

Where A; was the absorbance of the control reaction and
A, the absorbance in the presence of the lignan extracts.

Fe®*- chelating activity

Metal Chelating Effects on Ferrous lons was measured by
using, one ml of lignan flaxseed extract, and/or EDTA
solution as a positive control at different concentrations
(5, 10, 20, 35, 50 pg/ml) were mixed with 0.1 ml of 2 mM
FeCl,- 4H,0 and 0.2 ml of 5 mM ferrozine solution and 3.7
ml methanol were mixed in a test tube and reacted for 10
min, at room temperature, then the absorbance was
measured at 562 nm. Mixture without extract was used
as the control. A lower absorbance indicates a higher
ferrous ion chelating capacity.”

The percentage of ferrous ion chelating ability was
calculated using the following equation:

Iron chelating activity (Inhibition %) =
[(Ac— As / Ac) x 100]

Where A; was the absorbance of the control reaction and
A; the absorbance in the presence of the lignan extract.

Antimicrobial activity

The antimicrobial activities were carried out according to
the conventional disk diffusion test, using cultures of
Bacillus subtilis NRRL B-94, Escherichia coli NRRL B-3703,
Psedumonasaeruginosa NRRL, Staphylococcus aureus
NRRL, Aspergillusniger NRRL313, and Candida albicans
NRRL477. The bacterial strains were cultured on nutrient
medium, while the fungi & yeast strains were cultured on
malt medium & yeast medium, respectively. Broth media
included the same contents except for agar. For bacteria

&
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and yeast, the broth media were incubated for 24 h. As
fungus, the broth media were incubated for
approximately 48 h, with subsequent filtering of the
culture through a thin layer of sterile sintered Glass G2 to
remove mycelia fragments before the solution containing
the spores was used for inoculation. For preparation of
plate inoculation, 0.5 ml of inocula were added to 50 ml
of agar media (50 °C) and mixed by simple inversion. The
agar was poured into 120 mm Petri dishes and allowed to
cool to room temperature. The sterile filter paper disk
(2mm in diameter) was saturated by sample. The
saturated filter paper steel to evaporate solvent and fixed
on the surface of agar. The microbial growth inhibition
zone was measured after incubation at 30°C at the
appearance of the clear microbial free inhibition zones,
beginning within 24 h for yeast, 24-48 h for bacteria and
48-72 h for fungus. Both antimicrobial activities could be
calculated as a mean of three replicates.?®

Minimal inhibitory concentration (MIC)

The culture medium (25 ml) was poured into Petri dishes
(9 cm in diameter) and maintained at 45°C until the
samples were incorporated into the agar. The samples
were added as 50, 100, 200, 300, 400, 500 and 600 pg/ml.
The different microbial strains were layered by using an
automatic micropipette to place 30 uL over the surface of
the solidified culture medium containing a sample. After
the microorganisms were absorbed into the agar, the
plates were incubated at 30°C for 24-48 h. MIC was
determined as the lowest concentration of lignan extracts
inhibiting the visible growth of each organism on the agar
plate.

Identification of phenolics (lignan) by HPLC

Identification of lignans and other phenolics of five
flaxseed cultivars were carried out on a HPLC system
(Agilent 1100 series) coupled with UV-Vis detector
(G1315B) and (G1322A) DEGASSER. Sample injections of 5
pl were made from an Agilent 1100 series auto-sampler;
the chromatographic separations were performed on
ZORBAX-EclipseXDB-C;g column (4.6x250 mm, particle
size 5 um).

A constant flow rate of 1 ml /min was used with two
mobile phases: (A) 0.5% acetic acid in distilled water at pH
2.65; and solvent (B) 0.5% acetic acid in 99.5%
acetonitrile. The elution gradient was linear starting with
(A) and ending with (B) over 50 min, using an UV detector
set at wavelength 280 nm.?’

lignan compounds of each sample was identified by
comparing their relative retention times with those of the
standard mixture chromatogram. The concentration of an
individual compound was calculated on the basis of peak
area measurements, and then converted to pg phenolic /
g dry weight. All chemicals and solvents used were HPLC
spectral grade, and obtained from Sigma (St. louis, USA)
from Merck — Shcuchrdt (Munich, Germany).

ISSN 0976 — 044X

Statistical Analysis

Data were statistically analyzed using Costat Statistical
package.”®

RESULTS AND DISCUSSION
Extraction ratio of lignan yields

Data presented in Table 1 showed the extraction ratio of
lignan yields for five flaxseed cultivars. Blanka and Sakha
cultivars showed similar values for the extraction yields of
lignin (69.88 mg/g DW). Whereas, Amon cultivar showed
the highest value of lignin (73.49 mg/g DW) followed by
Teka (72.29) and Lithuania (71.08) cultivars. No significant
association could be found between the extraction yields
of all cultivars and the results from the different
antioxidant assays.

Table 1: Extraction Ratio of lignan yield of five flaxseed
cultivars

Cultivars Amon  Blanka thhua Sakhal Teka L(S)%gt
Extraction 7349 6988 7108 6988 22 NS
ratio mg/g 9
Antioxidant activity

DPPH scavenging activity

DPPH has been used widely for the determination of
antioxidant activity of different plants, vegetables, fruits
extracts. 2%

DPPH free radical scavenging activity (Inhibition %) of
lignan extracts in all flaxseed cultivars and BHT increased
by increasing the concentration of lignan and BHT (Table
2). However, the lignan extract exhibited concentration
dependence across the range tested. Nevertheless, BHT
was more effective than lignan extract, especially at the
lower concentration. The inhibition % was 40.31 and
84.34% at concentrations of 5 and 20 pg/ml for BHT as
compared to 9.05 and 34.92 % for lignan extracts of
Lithuania cultivars (as the highest inhibition against
DPPH.) at the same concentrations. At the higher
concentrations (35 pg/ml to 50 pg/ml), however, lignan
extracts of all cultivars were as approximately effective as
BHT and all exhibited strong free radical scavenging
activity against the stable free radical DPPH. The
inhibition % was 64.10 and 88.56% at concentrations of
35 and 50 uM of Lithuania lignan extract compared to
88.13 and 93.94% for BHT at the same concentrations. It
was also concluded that SDG is considered as strong
capability for scavenging free radicals. The free radical
scavenging activity of lignin extract may be attributed to
the presence of the content and the structures of
complex phenols such as lignan especially SDG, p-
coumaric acid, Ferulic and other derivatives, which differ

in their electron transfer and hydrogen donating abilities.
12,31
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Fe?- chelating antioxidant activity

The main values of ferrous ion chelating activity of five
flaxseed cultivars and Ethylene diamine tetra acetic acid
(EDTA), as synthetic chelating agent) are shown in Table
(3). Lignan extract of Lithuania and Teka cultivars
exhibited highest potential activity of ferrous ion
chelating at all concentration. In addition, the lowest
chelating power was observed of Sakhal cultivars
compared with EDTA chelating agent.

Antimicrobial activity

Different microbial species were used to screen the
possible antimicrobial activity of ethanolic extracts of flax.
Of the species used, St. aureusis one of the most common
gram-positive bacteria causing food poisoning. Its source
is not the food itself, but the humans who contaminate

ISSN 0976 — 044X

foods after they have been processed. Gram-negative
bacteria are represented by E. coli, which belong to the
normal flora of humans. However, enter hemorrhagic
strain of E. coli has caused serious cases of food
poisoning, and preservatives to eliminate its growth are
needed. A clearly visible spoiling agent of bakery products
is the mold that forms black-centered spots on the
surface of products, A. niger.

To determine antimicrobial activity, flax extracts were
tested against gram-positive (B. subtilis and St. aureus)
and gram negative (E. coli and P. aeruginosa) bacteria.
This was assumed to be sufficient for the antimicrobial
screening. Very clear differences were found between the
effects of different extracts in the study. The results of
the antimicrobial screening assay of the flax extracts are
shown in Table 4.

Table 2: Antioxidant scavenging activity of lignan extracts of five flaxseed cultivars against DPPH stable free radical

Cultivars
5 pg/ml 10 pg/ml
Amon 5.57°+0.28 10.76°+0.28
Blanka 6.91° +0.28 13.52°+ 0.46
Lithuania 9.05" +0.76 20.18%+0.66
Sakhal 6.36°+ 0.38 12.42° +0.38
Teka 7.52+0.55 14.43° £ 0.46
BHT standard 40.31° +0.56 51.62° + 0.69
LSD at 0.05 0.65 0.93

Inhibition %

20 pg/ml 35 pg/ml 50 pg/ml
21.90% 0.28 38.59% +0.46 55.17% +0.56
27.58°+0.56 46.61°+0.55 64.95° + 0.55
34.92° + 0.64 64.10°+0.76 88.56° + 0.28
24.59° +0.37 43.98° £0.56 63.18" +0.59
30.21°+0.74 52.17°+0.46 71.74° +0.80
84.34' +0.56 88.13°+1.73 93.94"+ 0.49

0.99 3.09 1.11

All values are means of three replicates and are significantly different at p > 0.05 + standard deviation.

Table 3: Fe?'— chelating activity by different concentration of lignan extract in five flaxseed cultivars

cultivars Inhibition %
5 pg/ml 10 pg/ml 20 pg/ml 35 pg/ml 50 pg/ml
Amon 9.18°+ 0.27 16.60°+ 0.40 22.94°+0.49 30.99°0.34 42.78°0.36
Blanka 6.75% 0.49 14.04°+0.59 20.11°+ 0.40 28.57°+ 0.43 41.52°+ 0.34
Lithuania 15.52% 0.54 23.62°+ 0.59 31.85°+ 0.49 38.73°+ 0.49 50.74°+ 0.27
Sakhal 5.94°% 0.71 12.01°+ 0.49 18.62°+ 0.49 23.75°+ 0.49 36.03°+ 0.49
Teka 13.81°+0.28 21.05% 0.49 29.55% 0.62 33.47"+0.36 48.36"+0.27
EDTA standard 23.80° 0.41 45.39"+ 0.47 61.58+0.28 74.94'+0.34 82.86"+0.27
LSD at 0.05 0.90 0.99 0.89 0.81 0.76
All values are means of three replicates and are significantly different at p > 0.05 + standard deviation.
Table 4: Antimicrobial activity of lignan extract in five flaxseed cultivars
Diameter of inhibition zone (mm)
Sample Bacteria Fungus
E. Coli P. aeruginosa St. aureus B. subtilis A. nige C. abbicans
Amon 9.11 5.75 6.85 8.15 0.00 0.00
Blanka 8.10 6.40 7.54 6.45 0.00 0.00
Lithuania 18.26 16.60 15.84 13.35 0.00 0.00
Sakhal 12.53 8.55 6.45 12.86 0.00 0.00
Teka 12.80 11.50 14.35 15.65 0.00 0.00
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Maximum antimicrobial activity was observed with
ethanolic extract of Lithuania against Gram negative
bacteria, followed by ethanolic extract of Teka which
showed antibacterial effect against Gram positive
bacteria. All extracts were inactive against A. niger and C.
albicans. These different resistant patterns are likely to be
related to differences in yeast, fungus and bacteria cell
wall structures and protein synthesis. The antibacterial
activity profile of Lithuania extracts against tested
bacteria indicated that E. coli and P. aeruginosa was the
most susceptible bacterium. These results are in
agreement with.*?

The presence of lignans may bind both Ca™ and Mg,
thereby reducing the ca”? and Mg+2  from
lipopolysaccharide of the outer membrane causing a
release of lipopolysaccharide, thereby destabilizing the
membrane, which may increase the activity of Iignans.33

The spoilage and poisoning of foods by microorganisms is
a problem that has not yet been brought under adequate
control despite the range of robust preservation
techniques available. Consumers are increasingly avoiding
foods prepared with preservatives of chemical origin, and
natural alternatives are therefore needed to achieve a
sufficiently long shelf life of foods and a high degree of
safety with respect to food borne pathogenic
microorganisms. In nature, there are a large number of
different types of antimicrobial compounds that play an
important role in the natural defense of all kinds of living
organisms. As dietary compounds, flavonoids are widely
known antioxidants and reduce thrombotic tendencies.*
Attention has also been paid to their antimicrobial
activity, but no dramatic evidence of their effectiveness
has been reported.® *

Minimum inhibition concentration (MIC)

The MIC of different extracts toward gram-positive and
gram-negative bacteria was examined, and the results are
summarized in Table 5. The tested extracts showed some
variation in their antibacterial activity. The MIC values
ranged from 224 to 488ug/ml of different strains and
flaxseed cultivars. Lignan extracts was found to be the
most effective antibacterial against the Gram negative
bacteria such as(E. coli and P. aeruginosa) compared to
Gram positive bacteria such as (B. subtilis and St. aureus).
The MIC for Gram negative bacteria was ranged from 224
to 366 pg/ml, whereas, the MIC for Gram positive
bacteria was ranged from 224 to 488ug/ml Table (5). The
testing antibacterial activity of lignan extracts exhibited
that E. coli was the most sensitive bacteria to the lignan
extract (MIC = 224 ug/ml, Lithuania cultivars). The
variation in the effectiveness of different extracts against
different strains may depend on the differences in the cell
permeability of these microbes.’

Identification of lignin phenolic compounds in five
flaxseed cultivars

The HPLC profile of lignan extracts is illustrated in Table 6.
The alkaline and acid hydrolyses procedures were used to
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separate SDG and other phenolic compounds. Lignans all
absorb UV light, and UV detection may offer sufficient
selectivity and sensitivity for the determination of
Iignans.2

Table 5: Minimal inhibitory concentration (MIC) of lignan
extract in five flaxseed cultivars

MIC (ug/ml)
sample Bacteria
E. coll aeruginosa o Bosubtilis

Amon 366 366 488 488
Blanka 348 348 464 464
Lithuania 224 224 224 224
Sakhal 232 232 232 232
Teka 240 240 240 240

Table 6: Identification profile of lignan compounds of five
flax seed cultivars by HPLC

Lignan compounds mg/ 100 g DW

Cultivars
CouA HMF FerA SDG
Amon 5.03 6.62 1.89 23.82
Blanka 61.02 - 29.56 47.59
Lithuania 38.42 10.16 7.22 103.55
Sakhal 22.53 3.57 4.37 24.90
Teka 34.48 14.08 16.64 85.71

SDG present maximum absorptions at ~280 nm, which is
attributed to the aromatic chromophore and the
substituents of —OH and —OCH3 on aromatic ring.® SDG
and p-coumaric were the major phenolic compounds in
all flaxseed cultivars. Lithuania cultivars followed by Teka
Cultivar showed the highest amount of SDG (103.55 and
85.71mg/100 g DW). While, HMF exhibited the lowest
concentration of phenolic compounds of all flaxseed
cultivars. It could be observed phenolic compounds varied
between plants according to their genus species,
varieties, cultivars, types of fertilizer and agricultural
conditions.® Secoisolariciresinoldiglucoside (SDG) is the
most abundant lignan in flaxseed (11.9-25.9 mg/ g DW).*
Other phenolic compounds have also been identified and
quantified, and they include p-coumaric acid glucoside
(1.2— 8.5 mg/g DW) and ferulic acid glucoside (1.6-5.0

mg/g DW).**
CONCLUSION

Various biological activities of the isolated lignans from
five cultivars of flax growing in Egypt are summarized in
this study. These lignans exerted diverse biological
activities against tested methods to some extents. They
were found to possess a high activity especially as
antioxidant and antibacterial. These lignans which should
be further evaluated to develop safe agents to introduce
in modern therapy. Further studies should be made to
reveal the mode action of lignans which might be helpful
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in understanding the possible roles as anti-bacterial
agents.
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