Study of NOM of Mumiyo Samples Originated from Different Regions Using Solution-State NMR Spectroscopy and Size-Exclusion Chromatography
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Mumiyo (also known as shilajit and several less prevalent regional names) is a complex mixture of natural organic and mineral substances that seeps from rocks in mountain ranges. While mineral composition of mumiyo more likely characterizes the deposit (Frolova & Kiseleva, 1996), its organic part comprising high-molecular humic-like and different low-molecular components is characteristic for the matter (Agarwal et al., 2007; Wilson et al., 2011). The purpose of this work was a structural and molecular-weight compositional study of NOM of mumiyo originated from different regions.

26 mumiyo samples from Altai (Russia and Mongolia), Khakassia and Aldan (Russia), Hoggar (Algeria), Caucasus, Central Asia and Afganistan were studied. The samples were pounded, dissolved in distilled water, centrifugated during 15 minutes at 6000 rpm and dried in a vacuum oven at 40oC. That way dried mumiyo extractions (DMEs) were obtained.
Size-exclusion chromatography (SEC) system consisted of a solvent pump, a packed column and a UV-detector. The UV-absorbance was measured at 254 nm. The SEC column was 15x250 mm packed with Toyopearl HW-55S (“Toso-Haas”, Japan). 0,03 M phosphate buffer with pH 6,8 was used as a mobile phase at a flow rate of 1 ml/min. The column was calibrated using sodium polystyrenesulfonates (Polymer Standard Service, Mainz, Germany). All the chromatograms were obtained on the DME samples dissolved in the mobile phase at concentrations about 40 mg/l. Molecular weights of the samples analyzed were calculated from the chromatograms using home-designed software GelTreat.

Solution state 1H and 13C NMR spectra were acquired using Avance-400 spectrometer (Bruker, Germany) operating at 400 MHz proton frequency. To exclude the Nuclear Overhauser effect while recording 13C NMR spectra the pulse program INVGATE were used. All the spectra were recorded on the DME samples dissolved in 99,9% D2O at concentration about 60–80 mg/ml. 

The size-exclusion chromatograms recorded were characterized by two peaks. The first one corresponded to the high-molecular humic-like part of the sample, the second indicated the low-molecular part of mumiyo. Molecular weights calculated in the „high-molecular“ peaks of the chromatograms (Mp) were from 8 to 15,5 kDa irrespective of the region of the sample origin (Table 1). Values of column recovery avereged 85%. 

The NMR spectra acquired were characterized by broad overlapping bands, that is typical to NMR spectra of humic substances, and intensive sharp signals attributed to low-molecular components of mumiyo including hippuric and quinic acids and lipids.

Aromatic/aliphatic carbon ratios calculated for the samples on a base of 13C NMR data varied from 0,5 to 0,85. The values obtained were comparable to those for typical hydrophylic NOM, such as dissolved organic matter and peat fulvic acids (Table 1).

Halk/-Halk ratios were calculated on a base of 1H NMR data. Here -Halk stands for the part of alkyl hydrogen atoms bonded to a carbon atom in a -position relative to a carboxyl or aromatic group, and Halk – for the part of all other alkyl hydrogen atoms. High values of this parameter calculated for mumiyo (from 1,5 to 4,5) as compared to DOM and fulvic samples indicated relatively low degree of biodegradation of mumiyo NOM (Table 1).

Table 1. Molecular weights and structural parameters of the samples studied

	Sample
	Origin
	Mp, kDa

from SEC
	Carom/Caliph 

from 13C NMR
	Halk/-Halk
from 1H NMR

	M-1 
	Altai
	9.9
	0.85
	2.5

	M-2 
	Altai
	10.5
	0.64
	2.3

	M-3 
	Aldan
	8.3
	0.38
	4.6

	M-4 
	Altai
	9.5
	0.66
	3.0

	M-5 
	Hoggard
	9.4
	0.68
	1.3

	M-6 
	Altai
	10.0
	0.77
	2.0

	M-7 
	Altai
	9.9
	0.74
	1.9

	M-8 
	Altai
	15.4
	0.85
	1.4

	M-9 
	Altai
	10.3
	0.64
	1.9

	M-12 
	Altai
	8.4
	-
	1.8

	M-13 
	Altai
	9.6
	0.65
	2.3

	M-14 
	Altai
	14.2
	0.56
	1.5

	M-15 
	Central Asia
	9.2
	0.64
	2.6

	M-16 
	Altai
	11.6
	-
	-

	M-17 
	Altai
	9.6
	-
	-

	M-19 
	Central Asia
	12.1
	-
	-

	M-21 
	Central Asia
	10.3
	0.61
	1.8

	M-22 
	Altai
	11.3
	-
	-

	M-23 
	Khakassia
	11.2
	0.68
	1.5

	M-24 
	Altai
	8.1
	-
	-

	M-25 
	Altai
	12.1
	0.76
	1.7

	M-28 
	Central Asia
	11.4
	0.71
	2.9

	M-29 
	Afganistan
	11.1
	0.51
	2.0

	M-31 
	Aldan
	5.2
	-
	-

	M-32 
	Caucasus
	10.2
	0.73
	1.8

	M-Dz 
	Central Asia
	8.4
	-
	2.4

	SRDOM 
	Suwannee River  DOM
	13.6
	0.8
	0.8

	PFA-Sk
	Sakhtysh lake peat FA
	9.0
	0.6
	0.7


Thus SEC and NMR analytical methods demonstrated that NOM of mumiyo being characterized by relatively low degree of biodegradation consists of two principal parts. The first one is of humic-like nature and the second is composed of different low-molecular compounds. 
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