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1. Introduction

Enough amounts of main nutrients such as protein, 

carbohydrate and fat create a balanced diet required by 

the body. But besides that, some additional vitamins 

and minerals are also essential for various bodily 

functions in different periods of our lives. In order to 

supply normal diet and to feel healthier, herbal 

remedies are preferred and have great interest 

worldwide (Aygun, 2017). 

Herbal medicine is a very important element of 

complementary medicines.  There are many studies on 

natural compounds and herbal medicines but the results  

are various and inconsistent, due to the fact that each 

medicinal herb has the pharmacological effect depends 

on several metabolites combination and their 

synergistic effects (Ghasemian et al., 2016).  

Glucosamine (C6H13NO5) which can be in the form of 

glucosamine sulfate (C12H28N2O14S), glucosamine 

hydrochloride, or N-acetyl-glucosamine is widely used 

as a supplement in the treatment for osteoarthritis, and 

some kinds of pain (Benavente et al., 2015). 

Osteoarthritis is a degenerative disease of the cartilage 

in the joints. Glucosamine naturally exist in many of 
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the body’s tissues and is used in the treatment of 

arthritis. Glucosamine for arthritis is usually formulated 

as the hydrochloride salt or glucosamine sulfate and 

frequently with chondroitin sulfate (C13H21NO15S). In 

pharmaceutical preparations, glucosamine sulfate has 

the higher biological effect due to the existence of the 

sulfate (Foot and Mulholland, 2005). 

On behalf of issues mentioned above, it will be 

useful to investigate the sample which may has 

antioxidant potential due to its ingredient. Antioxidants 

can react with free radicals and prevent the reaction 

before vital molecules are damaged (Aygun, 2017). In 

this paper, the magnetic properties of the herbal 

medicine have been analyzed by EPR (Electron 

Paramagnetic Resonance) spectroscopy. EPR 

spectroscopy is an effective and skillful tool in 

researches because of the ability of detecting free 

radicals and paramagnetic centers. Additionally, XRD 

(X-ray diffraction) technique has been performed to get 

information about the chemical composition and 

crystalline property of the structure. EDS (Energy 

Dispersive Spectroscopy) method has been used to 

determine the elemental composition. The functional 

groups and the state of the bonds in the structure have 

been determined by FTIR (Fourier-transform infrared 

spectrophotometer). Since some herbal medicines are 

sold commercially with wrong ingredients, it will be 

important to learn about the content of medicines for 

public health. In this study, our purpose is to examine 

the medicine sample whether the given contents are 

present or not in it. To our knowledge there is no paper 

reported for the sample with EPR, XRD, FTIR, SEM 

and EDS techniques, hence, the present study is 

conducted to report magnetic and structural properties 

of the herbal medicine. 

2. Materials and Methods

The herbal medicine contains glucosamine sulfate 

with chondroitin, formulated in Canada, was purchased 

commercially. One pill was powdered in a mortar prior 

to spectroscopic analysis. Room temperature EPR 

spectrum of the sample was scanned by an X-band 

JEOL JESFA-300 EPR system with 100 kHz 

modulation field and 9.20 GHz frequency. In EPR 

experiment, diamagnetic tube was used for sample 

performing. BRUKER D8 ADVANCE was performed 

to detect the XRD pattern of sample operated at 40 kV 

and 40 mA with a scanning speed of 2.5°/min. Cu-Kα 

radiation of wavelength l = 1.54060 Å was used and 

data were recorded for the 2Ѳ≈5°- 90°. EDS analysis 

was done by JEOL JSM-6610 spectrometer. Bruker 

VERTEX 70v system was used for the FTIR analysis. 

3. Results and discussion

3.1. EPR study 

The g value of the EPR line is obtained from the 

equation hυ = gβH, where; H was the magnetic field; υ, 

the microwave frequency; h, the Planck constant and β, 

the electron Bohr magneton.  Electron spin resonance 

(ESR) spectrum of herbal medicine recorded at room 

temperature is given in Figure 1.  

Figure 1. EPR spectrum of the sample scanned at room 

temperature. 

Depending on the concentration, we can analyze the 

EPR spectrum of Mn for two cases. At lower 

concentrations of Mn, due to the interaction between 

the S=5/2 spin of the unpaired 3d electrons with the 

spin of the 55Mn nucleus (I= 5/2), sextet hyperfine-

splitting centered at g≈2.00, with a line width of ~92 G 

was observed. These sextet lines are associated with the 

allowed transitions (∆ms=±1, ∆mI=0). At higher 

concentrations, Mn ions cannot isolate from each other 

and increase the dipole-dipole interaction. In this case, 

the hyperfine-splitting fully disappears and causes to 

see the hyperfine structure as a broad resonance peak 

(Kaftelen et al., 2013; Ming et al., 2012). For the 

sample, we observed a broad signal with a g value of 

≈2.0010 and with a line width of 185 G due to the 

higher Mn concentration.  But also, in the EPR 

spectrum, we determined a weak shoulder with a g 

value of 2.0040, overlapped with Mn peak, which can 

be attributed to a carbon centered radical (Aygun, 

2017; Ukai et al., 2008). Due to the broad Mn peak, we 

were not able to see the well-resolved radical signal. It 
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is well known that there is a correlation between free 

radicals and health. Antioxidants can interact with free 

radicals and prevent the damage caused by free radicals 

(Yarbasi et al., 2011). Due to the presence of radical 

signal determined by EPR, we can conclude that the 

sample has antioxidant property. 

3.2. XRD study 

XRD pattern obtained from room temperature x-ray 

diffraction experiment is shown in Figure 2.   

Figure 2. XRD pattern of the sample taken at room 

temperature. 

According to the XRD of the sample, peak sharpness 

clearly showed the crystalline property. Peak positions 

for the samples were given with corresponding 

compounds in XRD figure. Among the peaks, most 

intense peak centered at ≈25.5° was attributed to C and 

Si (Aygun, 2017; Chen et al., 2014). Other less intense 

and sharp peaks corresponded to Mn, MnO2, C, SiO2, 

SiC, S, Mn2O3, cellulose as given in Figure 2. Two 

peaks centered at ≈26.5° and 38° were assigned to 

turmeric which is an important component for assisting 

in reducing of inflammation and pain, and is used with 

other ingredients to treat osteoarthritis pain for a long 

time (Kiyani et al., 2019).  

3.3. FTIR study 

FTIR spectrum of the sample taken at room 

temperature is seen in Figure 3. We observed a peak at 

around ≈3283 cm
-1

, an intense peak at ≈1030 cm
-1

 and 

≈598 cm
-1

. In a previous study, FTIR spectrum of 

glucosamine hydrochloride was reported with an 

intense band at around 3300 cm
-1

 and band at ≈1094 

cm
-1 

(Benavente et al., 2015). The peak at 3283 cm
-1

 

might be attributed to C–H (Ma et al., 2014).  

Figure 3. FTIR spectrum of the sample taken at room 

temperature. 

According to a previous report, peak centered at 3283 

cm
-1

 was attributed to stretching vibrations of N-H of 

amines, amine salts, sulfonamides, C-H of alkenes and 

alkanes, or C=O of carboxylic acids (Chekuri et al., 

2015). The Si−O−Si linear bonding vibration seen at 

≈1030 cm
-1 

has been reported in a previous study 

(Obata et al., 2017). The band at ≈1030 cm
-1

 was also 

given as C-OH stretching mode of turmeric sample 

(Wulandari et al., 2018). The peak located at 598 cm
-1

 

was attributed to 
15

NO bonding (Collman et al., 2008).

3.4. SEM-EDS study 

EDS spectrum and obtained elemental composition 

results of the sample are given in Figure 4.  

Figure 4. EDS spectrum of the sample taken at room 

temperature. 

As can be seen in the figure 4, the presence of 

elements C, Si, O, S, Na, K, Cl and Mn was supported 

by XRD and FTIR techniques, and Mn was also seen in 

EPR experiment. SEM images recorded at room 

temperature are seen in Figure 5. The micrographs of 

the sample were given in 1000X and 5000 X 

magnifications. From the SEM images, the presence of 

microcrystalline structure in the sample can be 

concluded. 
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Figure 5. SEM images of the sample taken at room 

temperature. 

4. Conclusion

In this paper, we investigated the herbal medicine 

widely used for pain related with osteoarthritis. We 

performed several spectroscopic techniques to 

determine structural, magnetic and morphological 

properties of the sample. It can be concluded that the 

herbal drug can be evaluated as suitable for its stated 

purpose in line with its content (S, N, Si, C, Mn, 

turmeric). With the help of coherent results obtained by 

EPR, XRD, EDS and FTIR spectroscopic methods, the 

usefulness of the sample can be appreciated positively 

in point of used as supplement especially for the 

treatment of arthritis or osteoarthritis due to the 

ingredients and antioxidant property. 
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