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Abstract  

Two novel oligosaccharides were isolated from yak milk. The milk was processed by the method 

of Kobata and Ginsberg involving deproteination, centrifugation and lyophilization followed by 

gel filtrate chromatography acetylation and silica gel column chromatography of derivatized 

oligosaccharides while their homogeneity was confirmed by HPLC. The structures of these 

isolated oligosaccharides were elucidated by chemical transformation, chemical degradation, 1H, 

13C NMR, 2D NMR (COSY, TOCSY and HSQC) and mass spectrometry. The geometry of 

compound A (Bosiose) and B (Bovisose) have been optimized at B3LYP method and 6-

311+G(d,p) basis set. The difference between the energies of A and B is 1.269 a.u. or 796.309 

kcal/mol.  
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1. Introduction  

Milk has co-evolved with mammals and mankind to nourish their offspring 

and is a biological fluid of unique complexity and richness [1]. It contains all necessary 

nutrients for the growth and development of the newborn [2]. The development of 

carbohydrates and glycoconjugates as therapeutics continues to gain interest when 

biological relevance of these biopolymers were further revealed and understood [3]. 

Oligosaccharides have established themselves as an effective class of organic 

biomolecules  impacting various physiological and pathological processes such as 

molecular recognition, signal transaction, differentiation and developmental events and 

exhibit varied biological activities such as antitumor [4], immunostimulant [5], 

anticancer [6], anticomplementry, anticoagulant, antiinflamatory,  hypoglycemic, 

antiviral & immunological activities [7].  

       Oligosaccharides isolated from various milk sources are categorized in two 

classes i.e. sialylated & nonsialylated. Both these class of oligosaccharide have been 

tested for their varied biological activities [8]. Human milk oligosaccharides (HMOs) are 

important parts of these functional ingredients [9, 10]. Numbers of biologically active 

oligosaccharides have been isolated from human, buffalo, donkey, cow, mare, sheep and 

goat milk [11]. The milk oligosaccharides recognize cancer associated antigens, used as 

antimicrobial agents; tumor associated antigens and has physiological significance in 

infants [12]. Buffalo and Donkey milk oligosaccharides have shown promising 

immunostimulant activity [1]. Glycosylation of human milk lactoferrin exhibits dynamic 

changes during early lactation enhancing its role in pathogenic bacteria-host interactions. 

Oligosaccharides are the third most abundant component in human milk [13, 8]. Human 

milk oligosaccharides (HMOs) containing α1, 2-linked fucose inhibits the stable toxin-

producing Escherichia coli in vitro and its toxin-induced secretary diarrhea in vitro and 
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in vivo [14, 15]. Recently it was found that the content of 2-linked fucosyl 

oligosaccharides in human milk is significantly associated with lower risk of diarrhea in 

breastfed infants, suggesting a major role for these oligosaccharides in immunity [16].  

Functions of HMOs are not fully understood but it has been postulated that HMOs plays 

an important role in the development of immune system, the prevention of pathogenic 

infection and, in the modulation of infant GI tract to bifidogenic microbiota [17-19]. 

Milk is not only food for neonates; it also contains many nutritional as well as medicinal 

values [20, 21]. 

         People living on the Tibetan Plateau rely for survival upon the yak, the 

region’s native cattle [22]. The yak milk was used in Tibetan medicinal system for the 

treatment of enema therapy, in which yak milk was used as enema solution along with 

other drugs [23]. It has been seen in the literature survey that the amino acid, calcium 

and vitamin A in yak milk are comparatively higher than in cow’s milk and yak milk 

caseins could become a resource to generate antihypertensive peptides and be used as 

multifunctional active ingredients for many value-added functional foods as well as a 

traditional food protein [24-26]. The China Nutrition society claimed that the amino 

acid, calcium and vitamin A in yak milk are comparatively higher than in cow’s milk 

[27].  

In view of above facts and observations, therefore isolation, structure 

elucidation, chemical degradation, chemical transformation and spectroscopic 

characterization of new three oligosaccharides from yak (Bos grunniens) milk have been 

presented in the present paper. The completed analysis of structure has been evaluated 

using spectroscopic technique (2D (COSY, TOCSY, and HSQC) and 13C NMR data. 

Other techniques like deacetylation, methylation, hydrolysis, chemical degradation and 

ESI MS (mass spectrometry) have also been used for structure elucidation of 
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oligosaccharides.  Furthermore, quantum chemical calculation has been performed to 

determine the lower geometry structure and stability of the isolated and characterized 

compounds.  

 

2 Theoretical studies  

All computations were performed using the Gaussian 09 program package [28]. 

The quantum chemical calculation have been performed on B3LYP functional and 6-

311+G(d,p) basis set. Geometries of compound A and B have been first optimized and 

the presence of positive wavenumbers values for all the optimized geometry indicates 

stability of the compounds [29].  

 

2.1 Experimental 

  General procedures  

Optical rotations were measured using an AA-5 automatic polarimeter in a 1 

dm tube for water solutions whose concentrations are expressed in g/100mL. 

The 1H and 13C NMR spectra were recorded in CDCl3 and D2O on Bruker 

DRX-300 spectrometer at 300 and 400 MHz using TMS as an internal reference.  

The DART Mass spectra were recorded on a MICROMASS QUATTRO II 

triple quadruple mass spectrometer. The C, H and N analyses were recorded on 

CARDO-ELBA 1108 elemental analyzer.  

The detection of new spots for carbohydrates was monitored by thin layer 

chromatography (TLC) using Silica Gel 60 F254 plates. TLC plates were visualized by 

exposure to them in with 50% aq. H2SO4 reagent. 

A new spot for carbohydrates was also monitored by paper chromatography 

(PC) with acetyl acetone and p-dimethyl amino benzaldehyde reagents. PC was 
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performed on Whatman No.1 filter paper using ethylacetate-pyridine (2:1) saturated 

with H2O as solvent system. Authentic samples of TLC and PC were same and 

purchased from Aldrich Chemicals (glucosamine (GlcN), galactosamine (GalN), glucose 

(Glc), galactose (Gal), N-acetylglucosamine (GlcNAc) and N-acetylgalactosamine 

(GalNAc)).  

2.2. Isolation of yak milk oligosaccharides by Kobata and Ginsberg method 

10 liter milk was collected from a yak and was stored at -20°C until use. The 

milk was processed by the method of Kobata and Ginsberg [29]. It was centrifuged for 

15 min. at 6500 rpm at -4°C. The solidified lipid layer was removed by filtration through 

glass wool column in cold atmospheric condition (0°C). Ethanol was added to the clear 

filtrate (supernatant) to a final concentration of 68% for precipitating out the lactose and 

proteins and the resulting solution was left overnight at 0°C. The white precipitate of 

lactose and protein was formed and removed by centrifugation for 15 min. at 6500 rpm 

at -2°C and washed twice with 68% ethanol. Further for complete remove of remaining 

lactose the supernatant was passed through a microfilter (0.24 µm) and lyophilized to 

get the crude oligosaccharide mixture (12.0 grams).  

The lyophilized material responded positively to Morgan-Elson test [30] and 

thiobarbituric-acid assay suggesting the presence of N-acetyl sugars and sialic acid in 

oligosaccharide mixture. The detailed of the test has been given in supplementary file 1. 

2.3. Yak milk oligosaccharide mixture chromatographed over Sephadex G-25 (1.6x40 

cm) column  

The gel filtration was performed by Sephadex G-25 chromatography of crude 

yak milk oligosaccharide mixture. The oligosaccharide mixture was packed in a column 

(1.6 x 40 cm) (void volume = 25 mL) equilibrated with glass double distilled water and 
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left for 10-12 h to settle down. The 18.0 gm of the crude oligosaccharide mixture was 

obtained from 10 liter milk. From which 200 mg material in 150 mL distilled water was 

applied onto a Sephadex G-25 column and was eluted for separation of protein and 

glycoprotein from oligosaccharide mixture (low molecular weight component). The flow 

rate was adjusted to 3 mL / min. Then the eluent was reapplied on the same Sephadex 

G25 column. The process was repeated twice for further purification. 1 ml fractions 

were collected in all eluted fractions and tested for the presence of neutral sugars by 

phenol-sulphuric acid test [31]. Same above procedure (approximately 88 x 2 times) was 

applied for the remaining 16.0 gm of the crude oligosaccharide mixture to obtain 12.0 

gm of pool I and pool II. The sephadex G-25 chromatography of yak milk 

oligosaccharide mixture which was monitored by UV (absorbance 280 nm) 

spectrophotometry showed four peaks i.e. I, II, III and IV. A substantial amount of 

proteins, glycoproteins and serum albumin were eluted in the void volume which was 

confirmed by positive coloration with p-dimethyl amino benzaldehyde reagent and 

phenol-sulphuric acid reagent. Fractions under peaks II and III gave a positive phenol-

sulphuric acid test [31] which showed the presence of oligosaccharide mixture in yak 

milk. They were pooled together and lyophilized. 

2.4. Confirmation of homogeneity of yak milk oligosaccharide by reverse phase HPLC  

Fraction II and III obtained from Sephadex G-25 column, containing 

oligosaccharide mixture were qualitatively analyzed by reverse phase HPLC. The HPLC 

system was equipped with Perkin-Elmer 250 solvent delivering system, 235 diode array 

detector and G.P. 100 printer plotter. The column used for this purpose was C18 

Purosphere 25 cm x 0.4 cm x 5 µm. A binary gradient system of acetonitrile: 0.5% 

trifluro acetic acid (5:95) in distilled water to CH3CN: 0.5% TFA (60:40) within 25 mm 

at a flow rate of 1 mL / min was used. The eluants were detected at 220 nm. Eleven 
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peaks were noticed in the sample (pooled fractions II and III) at the varied retention 

times from 2.272 min. to 5.717 min. The peaks were numbered in increasing order of 

retention time i.e. 2.272 (R1), 3.115 (R2), 3.637 (R3), 3.968 (R4), 4.331 (R5), 4.693 (R6), 

5.077 (R7), 5.227 (R8), 5.419 (R9), 5.557 (R10), 5.717 (R11).  

2.5. Acetylation of oligosaccharide mixture  

The pooled fraction (II and III) (12.0 g) which gave positive phenol-sulphuric acid 

test [31] was acetylated with pyridine (15 mL) and acetic anhydride (15 mL) at 60°C 

and the solution was stirred overnight. The mixture was evaporated under reduced 

pressure and the viscous residue was taken in CHCl3 (250 mL) and washed in sequence 

with 2N HCI (1x25 mL), ice cold 2N NaHCO3 (2x25 mL) and finally with H2O (2x25 

mL). The organic layer was dried over anhydrous Na2SO4, filtered, and evaporated to 

dryness yielding the acetylated mixture. By acetylation the oligosaccharides were 

converted into their non-polar acetyl derivatives which resolved very nicely on TLC.  

2.6. Purification of acetylated milk oligosaccharide on silica gel column  

Separation of the acetylated products (12.0 g) was carried over silica gel using 

varying proportions of hexane: CHCl3, CHCl3 and CHCl3: MeOH as eluants. The 

acetylated products was packed in a column (1.6 x 40 cm) (void volume = 25 mL) 

equilibrated with CHCl3 and left for 10-12 h to settle down. Repeated column 

chromatography (7 column) led to the isolation of three chromatographically pure 

compounds A (858 mg), B (46 mg) and C (125 mg). The flow rate adjusted to 3 mL / 

min and the detailed purification processes description of polarity ration of eluent and 

volume of each fractions of compound A, and B is given in Supplementary material 

Table S1-S7. 
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2.7. Deacetylation of compounds  

Compound A (52 mg) obtained from repeated column chromatography of acetylated 

oligosaccharide mixture was dissolved in acetone (3 mL) and NH3 (3.5 mL) was added 

and left overnight in a stoppered hydrolysis flask. Ammonia was removed under reduced 

pressure and the product was washed with CHCl3 (3x3 mL) and was finally freeze dried 

giving the deacetylated oligosaccharide 'A' (46 mg) [α]D+62.4°(c, 0.2, H2O). Compound 

B (32 mg) was deacetylated by the same method as for compound A, resulting in 

deacetylated compound B (24 mg) [α]D-41.3° (c, 0.2, H2O). 

2.8. Description of compounds  

The two compounds Compound 'A' (Bosiose) and Compound B (Bovisose) have been 

isolated and characterized with the help of spectroscopic techniques.  

2.8.1. Compound 'A' (Bosiose) 

Compound 'A' C22H38O16N2, [α]D +62.4° (c, 2.0, H2O). For elemental 

analysis, this compound was dried over P2O5 at 100°C and 0.1 mm pressure for 8 h. 

Elemental analysis: Calcd. C, 45.05; H, 6.48; N, 4.77; Found C, 45.01; H, 6.47 ; N, 4.76;  

It gave purple-violet spot on PC for amino sugars when sprayed with acetyl-acetone 

reagent I and heated, the dry strips were then sprayed with p-dimethyl amino 

benzaldehyde reagent II and returned to the oven for a further short hot treatment.  

Methyl glycosidation/Acid hydrolysis: Compound A (8 mg) was ref1uxed with 

absolute MeOH (2 ml) at 70°C for 18 h in the presence of cation exchange IR-l20 (H) 

resin. The reaction mixture was filtered while hot and filtrate was concentrated. In the 

solution of methylglycoside of B, 1,4-dioxane (1 ml), and 0.1N H2S04 (1 ml) was added 

and the solution was warmed for 30 minutes at 50°C. The hydrolysis was complete after 

24 h. The hydrolysate was neutralized with freshly prepared BaCO3 filtered and 
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concentrated under reduced pressure to afford α-and β-methylglucosides along with the 

Glc, GalNAc and GlcNAc. Their identification was confirmed by comparison with 

authentic samples (TLC, PC).  

Kiliani Hydrolysis: For Kiliani hydrolysis [32], the compound A (5 mg) was dissolved 

in 2 ml Kiliani mixture (AcOH-H2O-HCI, 7:11:2) and heated at 100°C for 1 h followed 

by evaporation under reduced pressure. Then 2 ml of H2O was added and extracted 

twice with 3 ml CHCl3. The aqueous residual solution was made neutral by addition of 

1-2 drops of 2N NaOH and was evaporated under reduced pressure to afford Glc, 

GalNAc and GlcNAc on comparison with authentic samples of Glc, GalNAc and 

GlcNAc, respectively. This hydrolysis confirming the presence of Glc, GalNAc and 

GlcNAc sugar units in it. The presence of these sugar units have been further confirmed 

by NMR and Mass spectrometry given in supplementary file 1. 

Mannich-Siewart hydrolysis: For Mannich-Siewart hydrolysis [33] 6 mg of the 

compound A was dissolved in 2.5 ml acetone and conc. HCl (0.02 ml). The solution was 

kept under carbon dioxide in dark room at room temperature. After five days paper 

chromatogram showed three spots, mobility of one spot was identical in mobility with 

authentic sample of GlcNAc, and the other spot with lowest mobility was identical with 

unreacted compound A. Further the compound with intermediate mobility may be the 

disaccharide. After eleven days two new spots with faster mobility than disaccharide 

were observed on TLC and PC which were found identical to authentic sample of 

GalNAc and Glc. The hydrolysis was completed in eleven days showing three spots on 

TLC which were found identical with Glc, GalNAc and GlcNAc (PC, TLC) on 

comparison with authentic samples. 

1H NMR values of compound A in D2O: 5.27[d, 1H, J=3.6 Hz, α-Glc(S-1) H-1], 

4.57[d, 2H, J=8.0Hz, β-Glc(S-1) & β-GlcNAc(S-3)H-1], 4.50[d, 1H, J=8.0Hz, 
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βGalNAc(S2), 3.82[βGalNAc(S-2), H-4], 3.32[t, 1H, J=7.2 Hz, β-Glc(S-1), H-2], 2.05[s, 

3H, NHCOCH3, β-GlcNAc(S-3), 2.04[s, 3H, NHCOCH3, β-GalNAc(S-2)]. 

13C NMR values of compound A in D2O: 

177.43[s,NHCOCH3], 173.71[s,NHCOCH3], 102.84[β-GlcNAc(S-3),C-1], 101.09[β-

GalNAc(S-2),C-1],  95.74[β-Glc(S-1),C-1], 88.79[α-Glc(S-1),C-1], 21.81[s,NHCOCH3], 

21.25[s,NHCOCH3]. 

1H NMR values of acetylated A in CDCl3:  6.25 [d, IH, J=3.3 Hz, β-Glc (S-1), H-l], 

5.67 [d,1H, J=8.1 Hz, β-Glc (S-1), H-1], 4.49 [d, 1H, J=8.1 Hz, β-GlcNAc (S-3), H-1], 

4.45 [d, 1H, J=9.9 Hz, β-GalNAc (S-1), H-1], 3.87 [β-Glc (S-1), H-4], 3.84 [α-Glc (S-1), 

H-4], 3.78 [β-GalNAc (S-2) H-6].  

13C NMR values of acetylated A in CDCI3:  101.15 [β-GlcNAc (S-3), C-l], 100.87 [β -

GalNAc (S-2), C-1], 91.51 [β-Glc (S-l), C-1], 88.94 [α-Glc (S-1), C-1], 75.63 [α-Glc 

(S-1), C-4], 73.47 [β-GalNAc (S-2), C-6].  

ES Mass of compound A found 586[M]+  

2.8.2. Compound B (Bovisose)   

Compound B, C40H68O31N2, [α]D +41.3° (c, 2.0, H2O). Elemental analysis, Calcd. C, 

44.57; H, 6.34; N 2.61;  Found  C, 44.75; H, 6.33, N, 2.60; It gave purple-violet spot on 

PC for amino sugars when sprayed with acetyl-acetone reagent I and heated, the dry 

strips were then sprayed with p-dimethyl amino benzaldehyde reagent II and returned to 

the oven for a further short hot treatment.  

Methyl glycosidation/Acid hydrolysis: 8 mg of the compound was ref1uxed with 

absolute MeOH (2 ml) at 70°C for 18 h. The similar procedure was opted for acid 

hydrolysis like compound A. After neutralized, filtrate, concentrated under reduced 

pressure of hydrolysate, afford α-and β-methylglucosides along with the Glc, Gal and 

GlcNAc. Their identification was confirmed by comparison with authentic samples 
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(TLC, PC). 

Kiliani Hydrolysis: Compound B (5 mg) was used for Kiliani hydrolysis and the 

hydrolysate was checked by paper chromatography with authentic samples which 

inferred the presence of Glc, Gal and GlcNAc in compound B and further sugar units 

have been confirmed by NMR and Mass spectrometry given in supplementary file 1. 

Mannich-Siewart hydrolysis: For this hydrolysis compound B (5 mg) was dissolved in 

2 ml acetone and conc. HCl (0.02 ml) was added. The solution was kept under carbon 

dioxide in dark room at room temperature. After two days paper chromatogram showed 

three spots, the compound with faster mobility was identical in mobility with authentic 

sample of Gal while the spot with lowest mobility was identical with unreacted 

compound C, further the compound with the intermediate mobility may be the 

pentasaccharide. Further after five days two new spots were observed of which one was 

identical in mobility with authentic sample of GlcNAc and other, which was faster in 

mobility than the pentasaccharide, may be the tetrasaccharide. After seven days one 

more spot was observed which was having faster mobility than the tetrasaccharide, so it 

may be trisaccharide, which was formed by loss of another Gal moiety. Further after ten 

days a new spot was observed which was faster in mobility than the trisaccharide and 

having same mobility as the authentic sample of lactose and it was formed by the loss of 

GlcNAc moiety. The hydrolysis was partially completed in twelve days and showed a 

new spot, which was found identical with authentic sample of Glc on TLC and PC. Thus 

the hydrolysis was completed in twelve days showing three spots on TLC which were 

found identical with Glc, Gal, and GlcNAc (PC, TLC) on comparison with authentic 

samples. 

1H NMR values of compound B in D2O: 5.25 [d, 1H, J=3.6Hz, α-Glc (S-1) H-1], 4.69 

[d, 1H, J=8.0Hz, β-GlcNAc (S-3) H-1], 4.61 [d, 1H, J=7.6Hz, β-GlcNAc (S-5) H-l], 
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4.59 [d, 1H, J=7.6Hz, β-Glc (S-1) H-1], 4.55 [d, 1H, J=8.0Hz, β−Gal (S-6) H-1], 4.48 

[d, 2H, J=8.0Hz, β-Gal (S-2)& β-Gal (S-4) H-1], 4.16 [β-Gal (S-2), H-4], 3.32 [t, 1H, 

J=8. 1 Hz, β-Glc(S-l), H-2], 2.03 [s, 3H, NHCOCH3, β-GlcNAc (S-5)], 2.02 [s, 3H, 

NHCOCH3, β-GlcNAc (S-3)]  

13C NMR values of compound B in D2O: 177.38 [s, NHCOCH3], 173.66 [s, 

NHCOCH3], 103.8 [β-Gal (S-6), C-1], 102.9 [β-Gal (S-4), C-1], 102.8 [β-Gal (S-2), C-

1], 101.1 [β-GlcNAc (S-5), C-1], 100.1 [β-GlcNAc (S-3), C-1], 95.8 [β−Glc (S-1), C-1], 

91.7 [α-Glc (S-1), C-1], 21.9 [s, NHCOCH3], 21.3 [s, NHCOCH3]  

1H NMR values of acetylated B in CDCl3: 6.27 [d, 1H, J=3.6Hz, α-Glc (S-1), H-1], 

5.68 [d, 1H, J=8.1Hz, β-Glc (S-1), H-1], 4.64 [d, 1H, J=7.8Hz, β-GlcNAc (S-3) H-l], 

4.62 [d, 1H, J=7.8Hz, β-GlcNAc (S-5), H-1], 4.40 [d, 1H. J=7.8 Hz, β-Gal (S-4), H-l], 

4.38 [d, 1H, J=7.5 Hz, β-Gal (S-2), H-1], 4.36 [d, 1H, J=9.0 Hz, β-Gal (S6), H-1], 3.99 

[β-Gal (S-2), H-3], 3.88 [β-Gal (S-4), H-6], 3.81 [β-Glc (S-1), H-4], 3.81[ β−GlcNAc 

(S-3), H-3], 3.75 [β-GlcNAc (S-5), H-3].  

13C NMR values of acetylated B in CDCl3:103.6 [β-Gal (S-4), C-1], 102.5 [β-Gal (S-

2) & β-Gal (5-6) C-1], 101.1 [β-GlcNAc (S-5), C-1], 100.8 [β-GlcNAc (S-3), C-1], 91.7 

[β-Glc (S-1), C-1], 89.0 [α-Glc (S-1), C-1].  

ES Mass of compound B: 1073 [M+H] 

 

3 Result and discussion   

3.1 Stability of Molecular geometries of the isolated compounds 

The geometry of compound A (Bosiose) and B (Bovisose) have been optimized at 

B3LYP method and 6-311+G(d,p) basis set and given in Figure 1. As we know that 
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molecular geometry and conformational analysis play a very important role in 

determining the structure-activity relationship [34-39]. The optimized geometries of two 

compounds show positive wavenumbers [34-39] values indicate the stability of the 

compound A and B. The optimized geometry of ground state structure of A and B are 

shown in Figure 1. The compound B is lower in energy as compared to compound A 

and C. The conformer of compound A and B has energies -1878.730 and -1879.999 a.u. 

at room temperature. The difference between the energies of A and B is 1.269 a.u. or 

796.309 kcal/mol. The Molecular structures of all three conformers possess C1 point 

group symmetry.  

 

3.2 Structure elucidations of the isolated yak milk oligosaccharide   

TLC of acetylated oligosaccharide mixture at different polarity proportions is 

given in Supplementary Figure S2. The Sephadex G-25 chromatography of yak milk 

oligosaccharide mixture showed four peaks i.e. I, II, III and IV as shown in Figure 2 and 

collected fractions is shown in supplementary Table S1. A positive phenol-sulphuric 

acid test for sugars has been given by fractions under peaks II and III which indicate the 

presence of oligosaccharide in yak milk. These fractions were pooled and lyophilized. 

Pooled fractions (peaks II and III) obtained after Sephadex G-25 column were further 

qualitatively examined by reverse phase HPLC as shown in supplementary Figure S2. 

The reverse phase HPLC shows eleven peaks at varied retention times from 2.272 min. 

to 5.717 min as shown in Table 1. 

3.2.1 NMR spectroscopy 
 

The isolated compounds have been identified with the help of 1H, 13C NMR, 

2D NMR (COSY, TOCSY and HSQC) and mass spectrometry. The experimental 
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spectra of the isolated compounds have been given in Figure S3-S17 of supplementary 

file 1. Most of milk oligosaccharides are made up of basic core units which are 

comprised of D-Glucose, D-Galactose, D-GlcNAc, D-GalNAc, Fucose and Sialic acid. 

The structure of milk oligosaccharides were elucidation by chemical degradation and 

spectroscopic techniques (NMR and ES-MS). Keeping above mentioned basic core units 

in mind, the structures of various milk oligosaccharides were established by comparing 

the chemical shift data (1H and 13C NMR) of anomeric signals and other important 

signals of unknown milk oligosaccharides with the chemical shifts of known milk 

oligosaccharides. In the present study analogies between chemical shift of certain 

‘structural reporter group resonances’ (SRG) [40-52] were used to make proton 

resonance assignments as well as structural assignments of the oligosaccharides. All 

chemical shifts of anomeric proton signals of milk oligosaccharides were further 

confirmed by 2D (COSY, TOCSY and HSQC) NMR experiments, which were earlier 

assigned with the help of 1H and 13C NMR data. Other techniques like deacetylation, 

methylation, hydrolysis, chemical degradation and mass spectrometry were also used in 

the structural elucidation of the oligosaccharides. 

Compound A (Bosiose) C22H38O16N2[α]D +62.4° (c, 0.2, H2O) and B 

(Bovisose)  C40H68O31N2 [α]D +41.3° (c, 0.2, H2O) gave positive phenol-sulphuric acid 

test [31], Fiegl test [53] and Morgon-Elson [30] test showing the presence of normal and 

amino sugar moiety in the compound A. The HSQC spectrum of acetylated compound A 

and B given in supplementary file 1 show the presence of four and seven cross peaks of 

respective protons and carbons in the anomeric region at δ(6.25x88.94, 5.67x91.51, 

4.49x100.89, 4.45x101.15) and δ(6.27x89.0, 5.68x91.7, 4.64x100.8, 4.62x101.1, 

4.40x103.6, 4.38x103.5, 4.36x103.5), respectively, suggested the presence of four and 

seven anomeric protons. The presence of four and seven anomeric protons were 
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confirmed by the presence of  doublets at δ{6.25 (1H), 5.67(1H), 4.49(1H), 4.45(1H)},{ 

δ 6.27 (J=3.6 Hz), 5.68 (J=8.1 Hz), 4.64 (J=7.8 Hz), 4.62 (J=7.8 Hz), 4.40 (J=7.5 Hz), 

4.38 (J=7.5 Hz), 4.36 (J=9.0 Hz)} in the 1H NMR spectrum of acetylated A and B in 

CDCl3 respectively. Again presence of four and seven anomeric carbons were confirmed 

by the presence of four and seven anomeric signals at {δ101.15, 100.89, 91.51 and 

88.94} and {δ 104.35(2C), 104.16(1C), 99.95(1C), 91.51(1C), 89.19(1C)} in the 13C 

NMR spectrum of acetylated A and B respectively. These four anomeric protons could 

be interpreted for the presence of a trisaccharide in its reducing form. The reducing 

nature of compound A and B were confirmed by the  methyl glycosylation of compound 

A and B by MeOH/H+ followed by its acid hydrolysis which led to the isolation of α and 

β  methyl glucosides (3) which suggested the presence of glucose at the reducing end as 

seen in Scheme 1 and 2. The three and six monosaccharide unit have been  present in 

compound A and B and designated as (S1, S2 and S3) and (S1, S2, S3, S4, S5, S6,) 

respectively. The monosaccharide constituents in compound A and B were confirmed by 

Kiliani  hydrolysis [32] under strong acidic conditions, followed by PC and TLC. In this 

hydrolysis three spots were found on PC and TLC which were identical with (Glc, 

GalNAc and GlcNAc) in compound A and (Glc, Gal and GlcNAc) in compound B by 

co-chromatography with authentic samples.  

Thus the compound A (trisaccharide) and compound B (hexasaccharide) contained three 

types of sugar moieties i.e. (Glc, GalNAc, GlcNAc) and (Glc, Gal and GlcNAc) in it, 

respectively, and given in Scheme 1 and 2. 

The monosaccharide constituents in compound A and B have been further 

confirmed by the hydrolyzing the compounds in under mild acidic conditions (Mannich-

Siewart hydrolysis [33]) followed by PC and TLC. As shown in Scheme A and B after 

five days paper chromatogram showed three spots, mobility of one spot was identical in 
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mobility with authentic sample of GlcNAc, and the other spot with lowest mobility was 

identical with unreacted compound 'A' (I). Further the compound with intermediate 

mobility may be the disaccharide (II). After eleven days two new spots with faster 

mobility than disaccharide were observed on TLC and PC which were found identical to 

authentic sample of GalNAc and Glc. 

The Mannich-Siewart hydrolysis [33] of compound B supported the 

monosaccharide sequence deduced by 1H NMR. In this hydrolysis after two days paper 

chromatogram showed three spots, the compound with faster mobility was identical in 

mobility with authentic sample of Gal while the spot with lowest mobility was identical 

with unreacted compound B(I), further the compound with the intermediate mobility 

may be the pentasaccharide (II). Further after five days two new spots were observed 

which was identical in mobility with authentic sample of GlcNAc and other, and faster 

in mobility than the pentasaccharide, may be the tetrasaccharide (III). After seven days 

one more spot was observed which was having faster mobility than the tetrasaccharide, 

so it may be trisaccharide (IV), which was formed by loss of another Gal moiety. 

Further after ten days a new spot was observed which was faster in mobility than the 

trisaccharide and having same mobility as the authentic sample of lactose (V) and it was 

formed by the loss of GlcNAc moiety. The hydrolysis was partially completed in twelve 

days and showed a new spot, which was found identical with authentic sample of Glc on 

TLC and PC.  

The reducing nature of glucose was confirmed by the presence of two 

doublets at δ5.27 (J=3.6Hz) , 4.57 (J=8.0Hz) and 5.25(J=3.6Hz), 4.59 (J=7.6Hz)  for α 

and β glucose [54, 55] respectively, in the 1H NMR spectrum of compound A and B in 

D2O solvent, respectively, showing the presence of glucose at the reducing end. Another 

anomeric proton signal which appeared as doublet at δ4.50 along with a singlet of amide 
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methyl at δ 2.04 in the 1H NMR spectrum of compound 'A' was due to the presence of 

GalNAc moiety [56]. Since βGlc H-2 signal appeared as a triplet at δ3.32 in the 1H 

NMR spectrum of compound A, it indicated that the equatorially oriented hydroxyl 

group at C-4 of the reducing Glc was involved in glycosidation and the linkage was 

1�4 between S2 and S1 (SRG) [40-52] showing the presence of a lactose type of 

structure with addition al signal of NHAc group of GalNHAc at 2.04. This linkage was 

further supported by the presence of β-Glc H-4 resonance which appeared at δ3.87 in the 

1H NMR spectrum of acetylated A.  

3.4 Mass Spectrometry 

                   Additional supports for the isolated structures have been obtained by mass 

spectrometry. The fragmentation pattern of compound A and B is shown in Figure 3 

and 4. The appearance of molecular ion peak in compound A at m/z = 586 which was 

due to M+ C22H38O16N2 [α]  D +62.4°. Further the mass fragments were formed by 

repeated H transfer in the oligosaccharide and was accompanied by the elimination of 

terminal sugar less water which gave a fragment at m/z = 383 for disaccharide 

fragment. On further fragmentation the disaccharide fragment at m/z = 383 gave a 

monosaccharide fragment at m/z = 180 which attributed to the loss of GalNAc (S2). 

This confirmed that trisaccharide was comprised of one Glc, one GalNAc and one 

GlcNAc moieties and the second sugar in sequence from the non-reducing end of 

trisaccharide was GalNAc and glucose was present at the reducing end. Thus mass 

spectrometry not only confirmed the assigned structure but also confirmed the sequence 

of monosaccharide in oligosaccharide.  Thus on the basis of all the above data the 

structure of isolated trisaccharide, 'A' was deduced as- GlcNAc-

(1�6)GalNAc(1�4)Glc and shown in Figure 5. 

In compound B observed molecular ion peak at m/z = 1073 due to [M+H],  
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confirmed the molecular weight of compound as 1072. The hexasaccharide m/z = 1072 

on fragmentation gave pentasaccharide at m/z = 910(I), which was due to loss of S-6 

sugar unit i.e. Gal (S-6) sugar unit linked to the S-5 of hexasaccharide. The peak m/z = 

910 further fragmented to give a fragment peak at m/z  = 707(II), corresponding to 

tetrasaccharide unit, which was due to loss of S-5 sugar unit i.e. Gl cNAc(S-5) sugar 

unit linked to the S-4 of pentasaccharide. The tetrasaccharide on fragmentation gave a 

fragment ion peak at m/z = 545(III), which was due to loss S-4 sugar unit i.e. Gal(S-4) 

sugar unit linked to the S-3 of tetrasaccharide unit. The trisaccharide on fragmentation 

gave fragment peak at m/z = 342(IV), which was due to loss of S-3 sugar unit i.e. 

GlcNAc(S-3) sugar unit linked to the S-2 of trisaccharide unit. This disaccharide on 

further fragmentation gave a fragment peak at m/z = 180(V), which was due to loss of 

S-2 sugar unit i.e. Gal(S-2) sugar unit linked to the S-l unit of disaccharide.  Thus based 

on the above data the structure of compound B was deduced and shown in Figure 6.       

  

4. Conclusion 

The geometries of compound A (Bosiose) GlcNAc-(1�6)GalNAc(1�4)Glc 

and B (Bovisose) Gal-β(l�3)GlcNAc-β(1�6)Gal-β(1�3)GlcNAc-β(1�3)Gal-β 

(1�4)Glc have been optimized at B3LYP method and 6-311+G(d,p) basis set. The 

optimized geometries of two compounds show positive wavenumbers values indicated 

the stability of the compound A and B. The difference between the energies of A and B 

is 1.269 a.u. or 796.309 kcal/mol. The two novel oligosaccharides have been isolated 

by yak milk. The isolated compound A (Bosiose) and B (Bovisose) have been 

characterized with the help of 1H, 13C, 2D NMR spectroscopy, further the molecular ion 

peaks in compound A and B have been confirmed by the analysis of mass spectrometry. 

The isolated compound may possess the variety of biological activity. The testing of 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

20 
 

biological activity of these isolated compounds has been continued in one laboratory. 
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Captions 

Scheme 1 The trisaccharide contained three types of sugar moieties Glc(4), 

GalNAc(5) and GlcNAc (6) 

Scheme 2 The hexasacharride contained three types of sugar moieties Glc(4), Gal (5) 

and GlcNAc (6) 

Scheme-A Mannich-Siewart hydrolysis of compound A (Bosiose) 

Scheme-B Mannich-Siewart hydrolysis of compound B (Bovisose) 

Figure 1. The optimized geometries of A (Bosiose) and B (Bovisose) 

Figure 2.  Spehadex G-25 chromatography of yak milk oligosaccharides detected 

by phenol sulphuric acid method. Elution was made with distilled water 

Figure 3. Mass fragmentation of oligosaccharide 'A' (Bosiose) (a) by repeated H 

transfer (b) ES-MS mass fragments 

Figure 4. ES Mass fragmentation of oligosaccharide B (Bovisose) (a) by repeated H 

transfer (b) ES-MS mass fragments 

Figure 5.  The elucidate structure of isolated compound A (Bosiose) 

Figure 6. The elucidate structure of isolated compound B (Bovisose) 

Table 1: Reverse phase HPLC of yak milk oligosaccharides 

Supplementary material 

Figure S1. TLC (a) acetylated oligosaccharide mixture at different polarity 

proportions and (b) Isolated acetylated oligosaccharide at CHCl3:MeOH (95:5). 

Figure S2. Reverse phase HPLC 

Figure S3-S17. NMR and Mass Spectral data of compound A and B 

Table S1. Combined fractions (200 mg (88 x 2 = 18.09 gm) of yak milk 

oligosaccharide mixture chromatographed over Sephadex G-25 chromatography. 

Table S2-S7. Purification of acetylated milk oligosaccharides on silica gel column 
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Table 1: Reverse phase HPLC of yak milk oligosaccharides 

S.No Retention time Area Area (%) Height Height (%) 

1 2.272 9822 0.67 1688 7.17 

2 3.115 40360 2.74 4827 20.51 

3 3.637 13282 0.90 1551 6.57 

4 3.968 542 0.04 91 0.39 

5 4.331 16671 1.13 1388 5.90 

6 4.693 746 0.05 104 0.44 

7 5.077 312 0.02 52 0.22 

8 5.227 170 0.01 40 0.17 

9 5.491 122 0.01 52 0.22 

10 5.557 206 0.02 54 0.23 

11 5.717 284 0.02 64 0.27 
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Figure 1 The optimized geometries of A (Bosiose) and B (Bovisose) 
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Figure 2.  Spehadex G-25 chromatography of yak milk oligosaccharides detected 

by phenol sulphuric acid method. Elution was made with distilled water 

 

 

 

 

 

 

 

 

 

 

 

0.1 - 

0.0 - 

Vo 

IV 
I 

II 
III 

10        30        50        70        90        110 
Fraction Numbers 

Absorbance 
280 nm 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

O
O

O

HO

HO

HO

OH

NHAc

HO

NHAc

O
O

OH

HO
OH

OH

S-3 S-2 S-1

1 2

Killiani hydrolysis Acid hydrolysis

Methylglycosylation

MeOH /H+

O

O

HO

HO

HO

OH

NHAc

HO

NHAc

O

OH

HO
OH

OH

OH

GlcNAc(6)
GalNAc (5)

OH

OH
HO

Glc (4)

O

OH

HO
OH

OCH3
HO

Methylglucosides (3)

1-R= OH
2-R=CH3

 
 
 
Scheme 1 The trisaccharide contained three types of sugar moieties Glc(4), GalNAc(5) 
and GlcNAc (6) 
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Scheme-A Mannich-Siewart hydrolysis of compound A (Bosiose) 
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Scheme-B Mannich-Siewart hydrolysis of compound B (Bovisose) 
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(b) 
Figure 3. Mass fragmentation of oligosaccharide 'A' (Bosiose) (a) by repeated H transfer 

(b) ES-MS mass fragments 
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(b) 
Figure 4. ES Mass fragmentation of oligosaccharide B (Bovisose) (a) by repeated H 

transfer (b) ES-MS mass fragments 
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 GlcNAc-(1����6)GalNAc(1����4)Glc  

Figure 5. The elucidate structure of isolated compound A (Bosiose) 

 

 

Gal-ββββ(l����3)GlcNAc-ββββ(1����6)Gal-ββββ(1����3)GlcNAc-ββββ(1����3)Gal-ββββ (1����4)Glc 

Figure 6. The elucidate structure of isolated compound B (Bovisose) 
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Highlights 

 

► Two novel oligosaccharides were isolated from Yak milk. 

►The structure of novel oligosaccharides were elucidate with the help of spectroscopy. 

► Geometry of all novel oligosaccharides were study with the help of DFT. 

 


