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Materials

P-D-glucans of mushrooms and cereals are polysaccharides 

consisting of D-glucose monomers linked by (1—>3, 1—>4 or 1—>6) 

glycosidic bonds and are present in cell walls. Cereal |3-D- 

glucans are homopolysaccharides composed of a linear 

tetrasaccharide chain of glucose together with a linked (1—>3) 

trisaccharide chain. Mushroom glucans occur in several forms: a- 

D-glucans, [3-D-glucans and mixed a/p-D-glucans with the [3-D- 

glucan fraction possessing a main |3-(1 —>3) linked glucopyranosyl 

backbone and [3-(1—>6) single side branches. The basic chemical 

structure can be found in Fig.1. |3-D-glucans may however form 

very complex structures, the complexity of which determines their 

biological activity and so the therapeutic benefits. Therefore, it is 

essential to determine the physical structural properties.

The carbon atoms involved in the chemical linkages present 

different chemical shifts when subjected to an external magnetic 

filed and so Nuclear Magnetic resonance is an essential tool in 

the determination of the structure and purity of compounds. It is 

the object of this study to detect the [3-D-glucans in the samples 

and determine the natural purity, as well as any contamination 

introduced during processing.

Grains from 9 Greek cultivars of oat, barley and wheat were provided by NAGREF Greece and 10 varieties of native 

mushrooms were harvested from areas within the Epirus region of Greece between the months of February and 

November of 2016.

Methods

■ Isolation of cereal P-D-(1—>3) (1^4) glucans (2)

■ Isolation of mushroom p-D-(1^3) (1—>6) glucans (3)

■ Solid-state Cross Polarisation Magic Angle Spinning (СР/MAS) NMR

Typical solid state NMR spectra are broad featureless single lines. However a series of experimental manipulations 

including magic angle spinning and high power decoupling can return spectral detail.

All terms containing (3cos2-1) go 

to zero

Hartmann-Hahn match 
cross polarisation

wH =wc

YHBH =ycBc

w= radio-frequency
Y= gyromagnetic ratio

Fig. 2. Spinning at the 
magic angle and cross 
polarisation (4).

Cereals

Fig.1. Examples of the chemical structure of (1^3, 1^4) 
cereal and (1^3, 1-^6) of mushroom /3-D-glucans (1).

13C CPMAS NMR spectra were recorded on a Bruker AVANCE III 600 NMR spectrometer (Karlsruhe, Germany) with 

narrow bore magnet and 4-mm triple resonance probe. The samples were packed into 4-mm rotors and spun at IQ- 

12 kHz. Chemical shifts (ppm) scales were referenced to an external standard of adamantane (29.5 ppm) run under 

identical conditions. For the CPMAS experiments a contact time of 2 msec, was used. The C1 carbons are normally 

well separated from other peaks and are used for the identification of linkages in experiments such as these.

■ Sample hydration

Mushroom and Cereal samples were hydrated over water by placing = 0.5 g in flat trays, to increase the surface 

area, in a sealed desiccator for 2 and 4 days respectively.

■ X-ray diffraction

Samples were run as powders in disc shaped plastic rotating cells (60 rpm) on a Bruker D5005 X-ray diffractometer 

using slit focus reflection geometry. Copper К alpha (Cu Ka) radiation of wavelength 1.5418 A was used over an 

angular range of 3 to 38° 20 with data recorded for 2.5 s in angular steps of 0.05°.

Results

Fig. 3. a. This СР/MAS NMR trace shows an acetate contaminated mushroom (Boletus aereus) and citrate contaminated cereal (3-D-glucan (barley Thessaloniki), b. СР/MAS NMR 
trace demonstrating peaks of citric acid and sodium acetate in similar positions to the contaminated samples c. X-ray diffraction patterns of reference oat and contaminated oat 
glucans, showing the sharp peaks due to the crystalline phase of the (hydrated) buffer salts. X-ray diffractograms produced by crystalline phases can be identified using the various 
diffraction databases that have been compiled. On submitting the x-ray pattern to the databases, the most likely candidate returned was sodium citrate.

> Hydration of the extracted mushrooms and assignment of the C1 region for a range of carbohydrates
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Fig. 4. a) The C1 region for selected dry mushroom (Cantharellus cibarius; green, Ganoderma lucidum; red, Morchella esculenta; black, Pleurotus ostreatus; orange) samples only
approximates an impaired resolution version of the corresponding hydrated samples shown in b). There are shifts in the ppm values of peaks upon hydration, presumably  due to
conformational changes. Further, there is a shift in the C1 peak ppm value depending on whether the C1 is connected to a C3 (01^03), a C6 (01^06) or a C4 (C1^C4 ) carbon.
The right-hand shoulder at around 101 ppm could be due to C1 in a 01^03 linked а-glucan, c) C1 region showing the ppm values for a range of carbohydrates. The chemic al shift
value for the C1 peak in (1—>3) and (1^6) /З-linkages is usually approximately 103.6 to 104 ppm. However, there are several components which will appear in similar regions. This is
discussed further in (1).
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Nowadays in United Arab Emirates (UAE) the necessary conditions seem ripe for the creation of an United Arab Emirates Center for Pathology (UAECP) which could function 

as a “brain” center and at the same time be an office of the United Arab Emirates Society of Pathology. Otherwise, the UAE pathoanatomical service, being a system of 
measures aimed at improving diagnosis, treatment and research, will sooner or later be drowned in the already available and currently increasing flood of information. The 
purpose of creating the UAECP is to unite all national pathologists, to establish common standards and requirements imposed upon anatomical pathology (standardization), as 
well as to unify the knowledge on pathology (unification). The creation of such an UAECP, which would have no counterpart in the world’s pathoanatomical practice, will 
undoubtedly be a powerful breakthrough in United Arab Emirates Pathology (UAEP). Therefore maximum effort has to be made in order to create the UAECP with each
pathologist of the UAE having to make as big a contribution as possible to the development and strengthening of UAEP. 
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Mushroom and Cereal samples were hydrated over water by placing = 0.5 g in flat trays, to increase the surface 

area, in a sealed desiccator for 2 and 4 days respectively.

■ X-ray diffraction

Samples were run as powders in disc shaped plastic rotating cells (60 rpm) on a Bruker D5005 X-ray diffractometer 

using slit focus reflection geometry. Copper К alpha (Cu Ka) radiation of wavelength 1.5418 A was used over an 

angular range of 3 to 38° 20 with data recorded for 2.5 s in angular steps of 0.05°.

Results

> P-D-glucan extraction and buffer salt contamination in cereals and mushrooms

Fig. 3. a. This СР/MAS NMR trace shows an acetate contaminated mushroom (Boletus aereus) and citrate contaminated cereal (3-D-glucan (barley Thessaloniki), b. СР/MAS NMR 
trace demonstrating peaks of citric acid and sodium acetate in similar positions to the contaminated samples c. X-ray diffraction patterns of reference oat and contaminated oat 
glucans, showing the sharp peaks due to the crystalline phase of the (hydrated) buffer salts. X-ray diffractograms produced by crystalline phases can be identified using the various 
diffraction databases that have been compiled. On submitting the x-ray pattern to the databases, the most likely candidate returned was sodium citrate.
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Fig. 4. a) The C1 region for selected dry mushroom (Cantharellus cibarius; green, Ganoderma lucidum; red, Morchella esculenta; black, Pleurotus ostreatus; orange) samples only
approximates an impaired resolution version of the corresponding hydrated samples shown in b). There are shifts in the ppm values of peaks upon hydration, presumably  due to
conformational changes. Further, there is a shift in the C1 peak ppm value depending on whether the C1 is connected to a C3 (01^03), a C6 (01^06) or a C4 (C1^C4 ) carbon.
The right-hand shoulder at around 101 ppm could be due to C1 in a 01^03 linked а-glucan, c) C1 region showing the ppm values for a range of carbohydrates. The chemic al shift
value for the C1 peak in (1—>3) and (1^6) /З-linkages is usually approximately 103.6 to 104 ppm. However, there are several components which will appear in similar regions. This is
discussed further in (1).
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The СР/MAS NMR method is capable of answering several questions related to P-D-glucan 

samples extracted from cereals and mushrooms

The C1 carbon peaks in |3-linked glucans had higher ppm values than those in а-linkages and 

had different values and intensities depending on the mushroom source.

Contaminating peaks due to buffer salts which crystallised during the extraction procedures were 

noticed in preparations of both cereals and mushrooms.

The hydration process as well as improving the resolution of spectra, dissolved the acetate 

buffer salt crystals and removed the spectral peaks due to contamination.
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Nowadays in United Arab Emirates (UAE) the necessary conditions seem ripe for the 
creation of an United Arab Emirates Center for Pathology (UAECP) which could 
function as a “brain” center and at the same time be an office of the United Arab 
Emirates Society of Pathology [1-6]. Otherwise, the UAE pathoanatomical service, 
being a system of measures aimed at improving diagnosis, treatment and research, 
will sooner or later be drowned in the already available and currently increasing flood 
of information. The purpose of creating the UAECP is to unite all national pathologists, 
to establish common standards and requirements imposed upon anatomical pathology 
(standardization), as well as to unify the knowledge on pathology (unification). The 
creation of such an UAECP, which would have no counterpart in the world’s 
pathoanatomical practice, will undoubtedly be a powerful breakthrough in United Arab 
Emirates Pathology (UAEP). Therefore maximum effort has to be made in order to 
create the UAECP with each pathologist of the UAE having to make as big a 
contribution as possible to the development and strengthening of UAEP. 

The creation of the UAECP as the basis of progress in UAEP in future will sure be 
accepted with thanks and appreciated at its full value by our descendants.
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