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Abstract

Sclerotinia sclerotiorum is a phytopathogenic fungus that attacks more than 400 plant species of them medicinal
plant. In this study the extract obtained from basal stalk rot of Helianthus annuus L., attacked by S.
sclerotiorum, was subjected to the analysis of FTIR to identify the presence of beta-glucan. FT-IR spectrum
showed four ranges of bands in 890 cm™, two overlap band in 1047 and 1078 cm™ and the last one near 1160
cm’ referring to different functional groups or characteristics; beta-glycosidic linkage and pyranosyl ring. The
existence of beta-glucan in the filtrate liquid culture of S. sclerotiorum suggests the potential of the secreted
liquid drops of fungal infection in plant as a new secretory source of beta-glucan useful in food and
pharmaceutical sectors. In this regard, the extracted beta-glucan was added as an additive to bread dough to
elucidate its effect on the baked-bread texture as monitored by SEM micrographs. Results from the electron
microscopy images of experimental bread confirmed that beta-glucan enhances the porosity of bread in the
presence of normal yeast and increases fermentation period (1% dry yeast, 4.5% scleroglucan, 4 h). The
solubilization of polysaccharides, primarily beta-glucan, seems to be the main strategy to improve the bread
texture.
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Introduction

Most plant diseases are caused by fungi of which
necrotrophic fungal S. sclerotiorum (Lib.) De Bary
has considered an important phytopathogenic
fungus. Several reports have been reported about
the negative effect of that pathogen on medicinal
plants such as Lavandula Spica L. [1], Achillea
millefolium L. [2], Trifolium repens L. and
Trifolium pratense [3], Thymus vulgaris L. [4],
Medicago Sativa L. [5], however a full list of
Sclerotinia sclerotiorum is accessible at some
websites [6]. Helianthus annuus L. as a medicinal
plant [7] by which its products are influenced

enormously justifies more study on it in relation to
S. sclerotiorum’s potential role in damaging it.

S. sclerotiorum produces fluffy white mycelium on
the infected plant parts and is favored by cool,
moist conditions; however show surprisingly broad
ecological distributions [8]. Although the pathogen
attacks more than 400 plant species (mainly
legumes, sunflowers, canola, most vegetables,
tobacco, many flowering bedding plants, and stone
fruits) [9] and causes huge economic loss, H.
annuus suffers greatly as it’s one of major edible
oil sources and further as a medicinal plant (its oil
can be used internally as a lubricant to treat
constipation, and externally for wound healing and
psoriasis  (Medicinal plant list, College of
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pharmacy, The University of Rhode Island, USA)
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S. sclerotiorum forms smaller sclerotia (0.5 to 3
mm). Sclerotia buried in the plow layer of soil can
survive and remain infective for up to 5 years.
Sclerotia of S. sclerotiorum most commonly
produce a mushroom-like fruiting body termed an
apothecium [7]. At soil depths of up to 2 cm,
apothecia can extend from the sclerotia to reach the
soil surface to distribute infection to plant parts
(stalk, leaves, capitulum,...). Obviously, the
infected plant affects its related products, i.e.
sunflower oil, for its usage as medicinal oil.
Different compounds will produce upon the attack
of S. sclerotiorum as the main/secondary
metabolites of the pathogen or even as new
synthesized compounds upon pathogen-plant
interaction. The beta-glucan, a  pathogen
metabolite, is a polysaccharide formed from D-
Glucose monomers with glycoside linkages. L-1,3-
D-Glucan is a polyglucose and a major structural
component of the cell wall of yeasts and fungi.
Depending on the source, there are clear
differences in macromolecular structure between
beta-glucans (Table 1). The cell wall beta-glucans
of yeast and fungi consists of 1,3 beta-linked
glycopyranosyl residues with small numbers of 1,6
beta-linked branches [10]. Furthermore, besides
differences in type of linkage and branching, beta-
glucans can vary in solubility, molecular mass,
tertiary structure, degree of branching, polymer
charge and solution conformation (triple or single
helix or random coil). All these characteristics may
influence their immune modulating effects [11].
Specifically, the scleroglucan S. sclerotiorum
glucan (SSG) is a soluble beta-glucan obtained
from the culture supernatant of S. sclerotiorum. It
contains -(1-6)-D-glucosyl side chains at the ratio
of one residue per two main chain residues

202

consisting of B-(1-3) bonds. SSG differs from
other glucans in that it possesses antitumor effects
even when administered orally [12-13].

Today, more than 70,000 ton polysaccharides uses
in food sector as the thickening agent, stabilizer,
gelling agent, suspension and improve the texture
of the product. Although polysaccharides from the
plant hydrocolloids (starch, cellulose, pectin, and
guar gum), seaweed, shellfish (alginate,
Carrageenan and chitosan) and microbial (xanthan)
are obtained, finding new choices are still in
progress.

Scleroglucan in the food industry considers as a
stabilizer or gelling agent, however, xanthan has
been accepted more in the market for providing
similar properties and less price. It is to predict that
scleroglucan will be substitute xanthan soon due to
the thermal stability that bears [15-16].

In this research, we wished to explore the presence
of beta-glucan in the extract of S. sclerotiorum, and
extract it to study its eventual usage in baking
industry and analyze its benefits on the baked
bread.

Material and Methods

Fungus beta-glucan isolation

S. sclerotiorum is collected from the stems of
infected H. annuus species that had germinated and
grown on potato dextrose agar at 25 °C. After 14
days, three discs (12 mm diameter) of mycelia were
transferred to Erlenmeyer flasks containing 1000

mL of liquid medium (DIFCO® and BBL®
CZAPEK-DOX without agar) at a constant

temperature of 27 °C. Fig. 1 shows the micrograph

of S. sclerotiorum in DIFCO®AND BBL®

CZAPEK-DOX medium to confirm the growth of
only this fungus.

Table 1 Differences in macromolecular structure between beta-glucans depending on the source [14].

Beta-glucan type Structure description
Bacterial Linear beta 1,3 glucan (i.e. curdlan)
Funeal [ | Short beta 1,6 branched, beta 1,3 glucan (i.e.
& Schizophyllan, SSG")
Yeast — Long beta 1,6 branched, beta-1,3 glucan (i.e.
WGP beta-glucan, betafectin™
Cereal Linear beta 1,3-beta 1,4-glucan (i.e. oat, barley,

rye)

*SSG: Scleroglucan or S. sclerotiorum glucan
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After 40 days (to obtain metabolite saturated
medium), the mycelia were initially separated from
the broth medium containing the extracellular
metabolites by sterile gaze [17]. The solution was
then filtered through a sterile 0.45 um pore-size
filter (Sarstedt Ltd., Germany). The culture filtrate
was then identified through FT-IR analysis to prove
the presence of beta-glucan.

Fourier Transformation Infrared Spectroscopy
(FTIR)

FT-IR spectra were collected on a Bruker IFS 66
FTIR spectrometer (BRUKER, Germany) using
KBr discs with an average of 128 scans and at a
resolution of 4 cm™. The samples were dispersed in
KBr (2 mg sample/200 mg KBr), ground, and
pressed into pellets. Scans were conducted in the
range 4000-450 cm™ at a resolution of 2/cm [18].

Dough preparing and experimental baking

Wheat flour was obtained from Pak Ard Co.
(Shahryar, Tehran, Iran). The flour was a normal
one to be used for Barbari type bread.

Oval loaves were baked according to a small-scale
straight dough baking test described by Faergestad
et al. (2000) with adjustments [19]. Based on flour
weight at 15% moisture, 1.5% NaCl, 1% vegetable
oil, 2 g sugar, and 1% dry yeast (Iranmayeh yeast,
Iran) and/or 4.5% SSG were added to the dough.
140 ml water was then added. Dough temperature
after mixing was 27+0.5 °C. The doughs were
rested for 120 and 240 min in a fermentation
cabinet at 27 °C and 60% RH, divided into three
150 g pieces and molded in the extended manually
by a wooden roller. The molded dough was baked
in a rotating traditional furnace for 20 min. After
cooling to room temperature for 1 h, the loaves sent
for Scanning Electron Microscopy (SEM) analysis.

Results

Beta-glucan isolation

Beta-glucans are present as major structural
components of the cell walls of yeast, fungi, some
bacteria and even in the endosperm cell wall in
cereals. However its total amount and biological
properties are differ in different resources.

It should be noted that the particular fractionation
procedure scheme in each case depends on the
polysaccharide composition of the original
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material, involving their molecular weight,
branching degree and pattern of branches [10]. In
Fig. 1 the microscopic observation of fungus
isolated from H. annuus is provided and the cell
organization confirms the growth of only S.
sclerotiorum.

Fig. 1 Micrograph of S. sclerotiorum in DIFCO® AND
BBL® CZAPEK-DOX medium to confirm the growth of
only this fungus (light microscopy 400 X)

FT-IR analysis

Fig. 2 demonstrates the absorbance of the S.
sclerotiorum extract at frequency region of 4000 —
450 cm’ to study the spectra for existence of
polysaccharides in which three zones of absorption
bands were identified. First of them is in the range

-1
of 3400 cm that showed existence of (O-H), the

-1
second in the range of 2800 and 2900 cm showed
the existence of (C-H) and the last one in the range

-1
of 1080 cm confirming the presence of C=0 or C-
O [18].

Bread texture improvement qualification:

The impact of using either SSG or yeast and
investigation of their synergistic effect on dough
and bread was carried out through scanning
electron microscopy (SEM). The breads in the
presence of improving agent (SSG) and passing
different fermentation periods (2 or 4 hours) were
studied (Fig. 3).

The porosity and the balanced distribution of
micro/macro holes in the loaves were increased
upon the usage of SSG accompanied with normal
yeast (S. cerevisiae) and longer fermentation time.
The orientation of porous, their number and
harmonization in their size (over the chemical
properties) are considered crucial factors through
which bread keep its final form and its shape for
longer time, more adorable by the consumer.
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Fig. 2 FT-IR spectrum of scleroglucan, the extracellular beta-glucan from S. sclerotiorum

Fig. 3 Scanning electron micrographs of baked breads: (a) control baked 1 (with normal Saccharomyces cerevisiae yeast, no SSG, 2 h
fermentation); (b) control baked 2 (with normal S. cerevisiae yeast, no SSG, 4 h fermentation); (c) sample baked 1 (no yeast, Pleurotus
florida’s beta-glucan, no fermentation rest); (d) sample baked 2 (no yeast, with SSG, 2 h fermentation); (¢) sample baked 3 (with normal S.
cerevisiae yeast, with SSG, 2 h fermentation); (f) sample baked 4 (with normal S. cerevisiae yeast, with SSG, 4 h fermentation).
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Discussion

Upon phyto-pathogens attack, especially when they
are necrotrophic, whole plant losses its usage and
goes out from consumption cycle. This situation
will have greater impact when the candidate plant
is a medicinal plant. In such case, alternative
procedures to make weaker the economical losses
through using byproducts or isolates some
metabolites to wuse in other sectors seems
promising. In the present research, we extracted an
extracellular polysaccharide from an invader fungal
phytopathogen, S. sclerotiorum that attacked
sunflower, and we confirmed the presence of beta-
glucan in the extraction by FT-IR analysis. S.
sclerotinum is a pathogen fungus from ascomycete
family which affects 400 plants in once [8]. Upon
the attack of pathogen, the secreted liquid drops
because of the presence of fungal infection in plant
in which 56 proteins existing in drops which are
critical in amino acids metabolism, carbohydrates
metabolism and formation of secondary
metabolites such as beta-glucan [20]. The beta-
glucan presented in this fungi is in the form of beta
(1, 3) glucan with peripheral branches of (1, 6)
linkages. Furthermore beta-glucan is produced
from cell walls of different spices. However, it has
been confirmed that other fungal plant pathogen,
Botryosphaeria rhodina, includes three different
typed of beta-glucan in its cell wall structure [21].
The beta-glucan isolated from S. sclerotiorum
culture has identified correctly through FT-IR (Fig.
2). As regard to the spectrum of the extract of S.
sclerotiorum consisted of 3386.67 cm™ band which
is sign of OH presence, 2921.08 cm™' that addresses
CH existence and 1072 c¢cm” which means the
presence of (C-O) band. Following the
confirmation of polysaccharide presence as a
metabolite of S. Sclerotiorum through wave
number in the range 800-1200 cm™ and taking into
consideration that carbohydrates are able to be
absorbed in the 800-1200 cm™ range, a more liable
fingerprint determination of beta-glucans comes to
be real. Beta-glucan’s FT-IR spectrum was
showed four ranges of bands in 890 cm’, two
overlap band in 1047 and 1078 cm™ and the last
one near 1160 cm™. Absorption near 890 cm’
showed the presence of B—glycosidis linkage [10].
Two different overlap bands of 1048 cm™and 1078
cm™ in fungal samples showed pyranosyl presence
[10]. A band near 1160 cm'in S. sclerotiorum
sample was also detected. Other sources of beta-
glucan such as Saccharomyces cerevisiae needs
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more elaboration to obtain pure beta-glucan. Liu et
al., reported the necessity of performing
preliminary purification using sieves and autolysis
induction procedure through sodium chloride and
heating process and finally treating with organic
solvents to obtain only cell walls including beta-
glucan [22]. Howeyver, it quiet certain that isolation
of beta-glucan from_S. sclerotiorum culture does
not need further purification steps over the steps
appeared in the materials and methods since this
source provides secretory beta-glucan.

In the next step, we used the beta-glucan as a
texture enhancement in bread making and
visualized bread porosity under scanning electron
microscopy. Since physico-chemical properties of
bakery products changes after the cooking process
(in both crust and main texture) which are
associated with irreversible changes in amylopectin
structure of bread and affect organoleptic
properties, flavor and aroma, as well.

However, the use of beta-glucan does not play a
direct role in the delay staling, but to promote more
balanced porosity of bread and the creation of a
more spongy structure in bread, delaying
glamorization of pectin and amylopectin, use of
beta-glucans seem justifiable. This result is in
agreement with the report for beta-glucan
originated from barely cell wall in the baked bread
[23]. Cleary et al., evaluated the effect of added
beta-glucan on the dough rheology, quality of
bread, digestion of bread (in vitro) and micro
structure of baked breads. Although, many authors
have reported some deficiencies in bread after
adding beta-glucan, such as loss of height, volume
and increased firmness [24-27], adding beta-glucan
directly to flour and before bread making. This
means that b-glucan could tightly bind appreciable
amounts of water, making it less available for the
development of the gluten network and reduced
loaf volume.

Results from the electron microscopy images of
experimental bread suggest that beta-glucan
enhance the porosity of bread in the presence of
normal yeast and longer fermentation period (as it
shown in Fig. 3f the better distinction of structure
in the bread has obtained). However in samples 1
and 2 which dough includes no yeast, beta-glucan
from Pleurotus florida’s and SSG, respectively the
bread structure were uneven with fewer starch
granules exposed. These results are in accordance
with findings of Cleary et al. who illustrate that
loss of dough and bread quality are related to beta-
glucan molecular weight, the higher the molecular
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weight of barley b-glucan, the greatest changes to
dough and bread characteristics [23] .

Indeed the synergistic effect of SSG and yeast in
providing more flexible texture of the baked bread
has been revealed. The solubilization of
polysaccharides, primarily beta-glucan, has greater
impact to improve the bread texture. Beta-glucan
was solubilized to a greater extent after baking, and
the presence of natural gluten in wheat flour
increased the solubility of beta-glucan further.
Furthermore, the addition of beta-glucan to the
bread dough caused a notable increase in the
viscosity of dough. This result indicates that
utilization of a beta-glucan concentrate that is less
soluble during bread preparation may be effective
in fortifying bakery products to achieve beta-
glucan’s health benefits resulting from its unique
properties.
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