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ABSTRACT 
Oligosaccharides present in the milk of different origin have shown varied biological 
activities. Oligosaccharide isolated from Buffalo milk has shown encouraging immuno 
stimulant activities. With a view to isolate more biologically active oligosaccharides from 
colostrum of buffalo (Babalus bubalis). Buffalo Colostrum was collected and processed by 
modified method of Kobata and Ginsberg, involving deproteination, centrifugation and 
lyophilization followed by acetylation and silica gel column chromatography of 
derivatized   oligosaccharides. The structure of isolated pentasaccharide was elucidated by 
chemical transformation, chemical degradation, 1H NMR, 13C NMR, 2D NMR (HSQC, 
TOCSY, COSY and HMBC) and mass spectrometry. In the light of results obtained from 
above experiments, the structure of novel pentasaccharides Ubaliose was confirmed                                      
as α-Gal(1→3)-α-GalNAc(1→3)-β-Glc(1→3)-βGal(1→4)-Glc 
UBALIOSE 
Keywords: Carbohydrate, Babalus bubalis, Colostrum, Spectroscopy, Pentasaccharide and 
Ubaliose. 
 

INTRODUCTION  
Milk is a natural source for the physiological and biological development of any neonate 
provided to him by his mother in any mammal. It is a biological fluid of unique complexity 
and richness (Casado et al., 2009). It contains all necessary nutrients for the growth and 
development of the newborn. Besides the normal milk, the milk of early days i.e. 1-5 days 
which is called colostrum have important role in the development of infant. Both milk and 
colostrum are rich resource of oligosaccharides. Oligosaccharides have established 
themselves as an effective class of organic bio molecules impacting various physiological 
and pathological processes such as molecular recognition, signal transaction, differentiation 
and developmental events and exhibit varied biological activities such as antitumor  
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 (Schwonzen et al. 1992), immuno stimulant (Abe et al., 1983) anticancer (Fang et al., 1985) 
and immunological activities (Srivastava and   Kulshretha,   1989). Oligosaccharides isolated 
from various milk sources are categorized under classes i.e. sialylated and non sialylated. 
Both these classes of oligosaccharide have been tested for their varied biological activities 

(Ferdouse and Monirujjaman, 2014). Milk oligosaccharides are important parts of these 
functional ingredients (Peterson et al., 2013, Barboza et al., 2012). Numbers of biologically 
active oligosaccharides have been isolated from human, buffalo, donkey, cow, mare, sheep 
and goat milk (Claeys et al., 2014). The milk oligosaccharides recognize cancer associated 
antigens, used as antimicrobial agents; tumor associated antigens and has physiological 
significance in infants (Fujimura et al., 2010). Donkey and Buffalo milk oligosaccharides have 
shown promising immuno stimulant activity (Deepak et al., 1998, Dubois et al., 1956). 
Immunostimulants can enhance body’s resistance against various infections through 
increasing basal levels of immune response. Keeping in mind the immuno stimulant activity 
of buffalo milk and importance of colostrum it was thought to isolate some novel, 
biologically active oligosaccharide from colostrum of buffalo (Bubalus bubalis). Present 
research work includes isolation of novel oligosaccharide from colostrum of    buffalo and 
elucidation of its three dimensional structure by chemical degradation, chemical 
transformation and spectroscopic techniques like 1H NMR, 13C NMR, 2D NMR (HSQC, TOCSY, 
COSY and HMBC) and mass spectrometry, Further, quantum chemical calculation has been 
performed to determine the lower geometry structure and stability of the isolated and 
characterized compounds. 
 

MATERIAL AND METHODS 

Collection and storage of buffalo colostrum 
Twelve (12) liter of buffalo colostrum (1 to 5 day) was collected from a domestic buffalo 
(Babalus bubalis) from the Kharika village near Telibagh of district Lucknow, Uttar Pradesh. 
The colostrum was fixed by addition of equal amount of ethanol (12 liter). 
Isolation of colostrum oligosaccharides by modified method of Kobata and Ginsburg 
 Isolation of colostrum oligosaccharides was done by modified Kobata and Ginsburg (1970) 
method. The preserved colostrum was taken to laboratory and there it was cooled at 4°C 
and centrifuged for 30 min at 5000 rpm at 4°C. The solidified lipid layer was removed by 
filtrating through glass wool column in cold. More ethanol was added to clear filtrate to a 
final concentration of 68% and the resulting solution was left over night at 0°C. The white 
precipitate formed, mainly of lactose and protein was removed by centrifugation and 
washed twice with 68% ethanol at 0°C. The supernatant and washing were combined and 
filtered through a micro filter and lyophilized affording crude oligosaccharides mixture. 
 
Acetylation of oligosaccharide mixture 
The oligosaccharides are very polar in nature hence their isolation is not an easy task. 
Therefore, oligosaccharide mixture (8 gm) was acetylated by acetic anhydride and pyridine 
for getting the oligosaccharides as its acetyl derivative (9.60 gm). The acetylated 
oligosaccharide mixtures were purified by column chromatography. 
The structure elucidation of isolated and purified novel oligosaccharide was performed by 
chemical transformation, chemical degradation and spectroscopic technique 1H NMR, 13C 
NMR, 2D NMR (COSY, TOCSY and HSQC) and mass spectrometry.  
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Further, quantum chemical calculation was performed to determine the lower geometry 
structure and stability of the isolated and characterized compound. 
 
Deacetylation of compound 
Compound (44 mg) was obtained from column chromatography of acetylated 
oligosaccharide mixture. 30 mg of compound was dissolved in acetone and NH3 was added 
in it and was left overnight in a stopper hydrolysis flask. After 24h ammonia was removed 
under reduced pressure and the compound was washed with CHCl3 (to remove acetamide) 
and the water layer was finally freeze dried giving the deacetylated oligosaccharide (25 mg). 
 
General Procedure for structure elucidation 
The 1H and 13C NMR spectra of oligosaccharides were recorded in D2O and the spectra of 
acetylated oligosaccharides were recorded in CDCl3 at 25°C on a Bruker AM 300 and 400 FT 
NMR spectrometer. The electro spray mass spectra were recorded on a MICROMASS 
QUATTRO II triple quadruple mass spectrometer. The sample (dissolved in suitable solvents 
such as methanol/acetonitrile/water) was introduced into the ESI source through a syringe 
pump at the rate 5µl per min. The ESI capillary was set at 3.5 KV and the cone voltage was 
40 V. The spectra were collected in 6s scans and the printouts are recorded spectra of 6-8 
scans. The C, H and N analysis were recorded on elemental analyzer CARLO-ELBA 1108. The 
sugars were visualized on TLC with 30% aqueous H2SO4 reagent and on paper 
chromatography (PC) sugars were visualized with acetyl acetone and p-dimethyl amino 
benzaldehyde reagents. The absorbent for TLC was silica gel G (SRL) and CC silica gel (SRL, 
60-120 mesh). PC was performed on Whatman No.1 filter paper using solvent system ethyl 
acetate-pyridine (2:1) saturated with H2O. To check the homogeneity of the compound 
reverse phase HPLC system was used equipped with Perkin Elmer 250 solvent delivering 
system, 235 diode array detector and G.P. 100 printer plotter. Authentic samples of 
glucosamine, galactosamine, galactose, glucose, fucose and sialic acid were purchased from 
Aldrich Chemicals. 
Methyl glycosidation/Acid hydrolysis of compound 
Compound (5 mg) was refluxed with absolute MeOH 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 1, 4-dioxane (1 ml), and 0.1N H2S04 (1 ml) was added 
and the solution was warmed for 30 minutes at 50oC. The hydrolysis was complete after 
24 h. The hydrolysate was neutralized with freshly prepared BaCO3 filtered and 
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 of compound 
Compound (5 mg) was dissolved in 2 ml Kiliani mixture (AcOH-H2O-HCI, 7:11:2) and heated 
at 100oC for 1 h followed by evaporation under reduced pressure. It was dissolved in 2 ml of 
H2O 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 
Glucose, Galactose, GalNAc and GlcNAc on comparison with authentic samples of Glucose, 
Galactose, GalNAc and GlcNAc (Killiani, 1930). 
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RESULT AND DISCUSSION 
Structure elucidation of compound Ubaliose 
Compound, Ubaliose C32H55O27N, gave positive Phenol-sulphuric acid test13, Fiegl test14 
and Morgon-Elson test15 showing the presence of normal and amino sugar moieties in the 
compound. The HSQC spectrum of acetylated Ubaliose showed the presence of six cross 
peaks of anomeric protons and carbons in the respective region at δ 6.19 x 88.82, δ 5.62 x 
91, δ 5.05 x 100.5, δ 5.01 x 101, δ 4.45 x 101, δ 4.45 x 101 suggesting the presence of six 
anomeric protons and carbons in it. The presence of six anomeric protons were further 
confirmed by the presence of six anomeric proton doublets at δ 6.19 (1H), δ 5.62 (1H), δ 

5.05 (1H), δ 5.01 (1H), δ 4.45 (2H) in the 1H NMR spectrum of acetylated Ubaliose   in CDCl3 
at 300 MHz. The presence of six anomeric carbons were also confirmed by the presence of 

six anomeric carbon signals at δ 101 (3C), δ 100.5(1C), δ 91.0 (1C) and δ 88.82 (1C) in the 13C 

NMR spectrum of acetylated Ubaliose in CDCl3 at 300 MHz. The presence of downfield 
chemical shift of α and β anomeric protons and carbons in 13C NMR of Ubaliose acetate, 
respectively, suggested that compound may be a pentasaccharide in its reducing form. The 
reducing nature of compound was further confirmed by its methylglycosylation of Ubaliose 
by MeOH/H+ followed by its acid hydrolysis which led to the isolation of α and β-methyl 
glucosides, suggested the presence of glucose at the reducing end of Ubaliose. For 
convenience the five monosaccharides present in compound have been designated as S-1, 
S-2, S-3, S-4 and S-5, respectively, starting from glucose (S-1) at the reducing end. The 
monosaccharide constituents of compound were confirmed by its Killiani hydrolysis 
under strong acidic conditions, followed by paper chromatography (PC) and thin layer 
chromatography (TLC). In its hydrolysis three spots were found on PC and TLC which were 
found identical with glucose (Glc), galactose (Gal), and GalNAc by co-chromatography with 
the authentic samples, thus confirming that the pentasaccharide contained four types of 
monosaccharide units i.e., Glc, Gal and GalNAc in it. The chemical shifts values of anomeric 
protons and carbon observed in 1H and 13C NMR spectra of compound were also in 
agreement with the reported values of 1H and 13C anomeric chemical shifts of Glc, Gal and 
N-acetylgalactosamine (GalNAc) confirming the presence of these monosaccharide unit in 
the compound Ubaliose.  
Further the presence of two anomeric proton signals at δ 6.19 (J = 3.6 Hz) and δ 5.62 (J = 

6.0 Hz) in the 1H NMR spectrum of Ubaliose acetate in CDCl3 at 300 MHz for α and β 

anomers of reducing monosaccharides (S-1) which was later identified as glucose by 
comparing the chemical shift data of 1H and 13C NMR spectrum and also from the results 
obtained by methylglycosylation by MeOH/H+ followed by its acid hydrolysis. The reducing 
end chemical shift of anomeric proton and carbon for S-1 was obtained at δ5.62 × δ91.0 
ppm from HSQC Spectra of Ubaliose acetate. This proton signal present at δ5.62 in the 
TOCSY spectra of Ubaliose acetate contains three cross peaks at δ5.62 x δ3.78, δ5.62 x δ5.0, 
δ5.62 x δ5.19. The sequence of ring protons in monosaccharide S-1 was then confirmed by 
COSY spectrum of Ubaliose acetate as (H2) δ5.0, (H3) δ5.19, (H4) δ3.78. Out of which one 
cross peak arised at δ 5.62 x δ3.78 suggested that the position of linkage into reducing S-1 
may be at H-4 of glucose S-1, showing that the H-4 of glucose S-1 was available for 
glycosidation by the next monosaccharide S-2 suggesting the 1→4 linkage between S-2→S-
1. Further the position of linkage at of H-4 was confirmed by HMBC spectrum of Ubaliose 
Acetate with a cross peak of 1H and 13C at δ 3.78 × δ 100.5 ppm.  
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Therefore, the anomeric carbon value of S-2 will be δ100.5 ppm. Further the 1H NMR value 
of S-2 in the accordance to 13C NMR value of δ100.5 was obtained by HSQC spectra of 
Ubaliose acetate came at δ5.05 ppm. 
Further the anomeric proton signal at δ 5.05 (J = 5.1 Hz) contains three cross peaks at δ 5.05 
x δ 3.75, δ5.05 x δ4.42, δ5.05 x δ5.05 in its TOCSY spectrum of acetylated Ubaliose. The ring 
proton sequence of S-2 was confirmed by COSY spectrum of Ubaliose acetate as (H2) δ5.28, 
(H3) δ3.75, (H4) δ4.42 of Ubaliose acetate. The coupling constant of anomeric proton at 
δ5.05 (S-2) had a J value 5.1 Hz which confirm the β-configuration of linkage between S-2 
↔ S-1. Here, one cross peak appeared in the upfield region of δ3.75 ppm which 
corresponds the linkage at H-3 of S-2, which was later confirmed as H-3 of β-Gal (S-2) by 
COSY spectrum of Ubaliose acetate. Further the position of linkages at H-3 was confirmed 
by HMBC spectra of Ubaliose acetate with crosspeak of 1H and 13C at δ 3.75 × δ 101 ppm.  
Therefore, the anomeric carbon value of S-3 will be δ101 ppm. Further the 1H NMR value of 
S-3 in accordance to 13C NMR value of δ101ppm was obtained by HSQC spectra of Ubaliose 
acetate came at δ 5.01 ppm. Further the anomeric proton signal which appeared at δ 5.01 
(S-3) (J = 11.1 Hz) contains three cross peaks at δ 5.01 x δ 3.73, δ 5.01 x δ4.41, δ 5.01 x 
δ5.20 in its TOCSY spectrum of Ubaliose acetate. The sequence of ring protons of S-3 was 
confirmed by COSY spectrum of acetylated Ubaliose as (H2) δ 5.20, (H3) δ3.73, (H4) δ4.41. 
The coupling constant of anomeric proton at δ5.01 (S-3) had a J value 5.1 Hz confirm the β-
configuration of linkage between S-3 ↔ S-2.  Out of which the one crosspeaks appeared in 
the upfield region of δ 3.73 ppm corresponds the linkage at H-3 of β-Glc (S-3) by COSY 
spectrum of acetylated Ubaliose. Later this signal of δ 3.73 ppm was confirmed as H-3 of β-
Glc (S-3) by COSY and TOCSY spectrum of acetylated Ubaliose. Further the position of 
linkage at H-3 of β-Glc (S-3) was   confirmed by HMBC spectra of Ubaliose acetate with a 
crosspeak of 1H and 13C at δ 3.73 × δ 101 ppm.  
Therefore, the anomeric carbon value of S-4 will be δ101 ppm. Further the 1H NMR value of 
S-4 in the accordance to 13C NMR value of δ 101 ppm was obtained by HSQC spectrum of 
Ubaliose acetate came at δ 4.45 ppm. The anomeric proton signal present at δ 4.45 (J = 3.3 
Hz) along with the singlet amide methyl (- NHCOCH3) at 1.96 was defined for the presence 

of α-GalNHAc (S-4). This anomeric proton contains three cross peaks at δ4.45 x δ3.80, δ 
4.45 x δ4.08, δ4.45 x δ4.48 in its TOCSY spectrum of Ubaliose acetate. This sequence of ring 
protons was confirmed by COSY spectrum of Ubaliose acetate as (H2) δ4.08, (H3) δ3.80, (H4) 
δ4.48. Out of which the one cross peaks appeared in the upfiled region of δ 3.80 
corresponds the linkage at H-3 of α - GalNHAc (S-4), which was confirmed by COSY 
spectrumof Ubaliose acetate. Further the position of linkage at H-3 was confirmed by HMBC 
spectra of Ubaliose acetate by obtaining a cross peak of 1H and 13C at δ 3.80 × δ 101 ppm.  
Therefore, the anomeric carbon value of S-5 will be δ101 ppm. Further the 1H NMR value of 
S-5 in the accordance to 13C NMR value of δ 101 ppm was obtained by HSQC spectrum of 
Ubaliose acetate came at δ 4.45 ppm. The anomeric proton signal δ 4.45 (J = 3.3 Hz) was 

assigned as α- Gal (S-5), contains three cross peaks at δ 4.45 x δ 4.46, δ 4.45 x δ 4.91, δ 4.45 

x δ5.07 in its TOCSY spectrum of Ubaliose acetate. The ring proton sequence was further 
confirmed by COSY spectrum of acetylated Ubaliose at (H2) δ 5.07, (H3)  δ 4.91, (H4) δ4.46  
which also suggested that it does not contain any methyne protons in glycosidic linkage 
region i.e., δ 3-4 ppm suggesting that none of -OH group of α-Gal (S-5) were involved in 
glycosidic linkages.  
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Hence, confirmed that α- Gal (S-5) were present at non-reducing end and none of their -OH 
group were available for glycosidic linkages, which was confirmed by the TOCSY spectrum of 
acetylated Ubaliose. 
 

 
For solving the spectra of oligosaccharide molecules I followed the spectra in the order of → 
HSQC, TOCSY, COSY, HMBC. The glycosidic linkages in Ubaliose were confirmed by the cross 
peaks for glycosidically linked carbons and protons in the HMBC spectrum of acetylated 
Ubaliose. The values of these cross peaks were appeared as Glc (S- 1) H-4 x C-4 at δ 3.78 x 
100.5  showed (1→4) linkage between S-2 and S-1, β-Gal (S-2) H- 3 x C-3 at δ 3.75 x 101 
showed (1→3) linkage between S-3 and S-2, β- Glc (S-3) H-3 x C-3 at δ 3.73 x 101 showed 
(1→3) linkage between S-4 and S-3, α-GalNAc (S-4) H-3 x C-3 at δ3.80 x 101 showed (1→3)  
linkage between S-5 and S-4. All these values were summarized in the table as-  
 
Chemical shift for Anomeric Proton/ Carbon by HSQC Spectra 
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Sugar H1 C1 

S1 5.62 91 

S2 5.05 100.5 

S3 5.01 101 

S4 4.45 101 

S5 4.45 101 

S1 
5.62 × 91 

H1 5.62 C1 91 

H2 5.0 C2 70 

H3 5.19 C3 72 

H4 3.78 C4 75 

S2  
5.05 × 100.5 

H1 5.05 C1 100.5 

H2 5.28 C2 70 

H3 3.75 C3 75.5 

H4 4.42 C4 69 

S3 
5.01 × 101 

H1 5.01 C1 101 

H2 5.20 C2 69.5 

H3 3.73 C3 75.5 

H4 4.41 C4 70 



 
 

 
Table for TOCSY correlation of Ubaliose:- 

Order of S1 Order of S2 Order of S3 Order of S4 Order of S5 

3.78 3.75 3.73 3.8 4.45 

5.0 4.42 4.41 4.08 4.46 

5.19 5.28 5.20 4.45 4.91 

5.62 5.05 5.01 4.98 5.07 

 
Correlation obtained by COSY spectra of Ubaliose:- 

 Order of S1 Order of S2 Order of S3 Order of S4 Order of S5 

H1 5.62 5.05 5.01 4.45 4.45 

  H2 5.0 5.28 5.20 4.08 5.07 

H3 5.19 3.75 3.73 3.80 4.91 

H4 3.78 4.42 4.41 4.48 4.46 

 
Linkages confirmed by HMBC Spectra:- 

Sugar Position Type of linkage value 

S1 H4 β 3.78 x 100.5 

S2 H3 β 3.75 x 101 

S3 H3 α 3.73 x 101 

S4 H3 α 3.80 x 101 
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S4 
4.45 × 101 

H1 4.45 C1 101 

H2 4.08 C2 71 

H3 3.80 C3 75.5 

H4 4.48 C4 70.5 

S5 
4.45 × 101 

H1 4.45 C1 101 

H2 5.07 C2 68 

H3 4.91 C3 71 

H4 4.46 C4 69.2 



All signals obtained in 1H and 13C NMR of compound Ubaliose was in conformity by 2D 1H-1H 
COSY, TOCSY HSQC and HMBC spectras.Thus based on the pattern of chemical shifts of 1H, 
13C, COSY, TOCSY HSQC and HMBC NMR spectra it was interpreted that the compound ‘A’ 
Ubaliose  was a pentasaccharide having the following structure as-  
 

 

 
UBALIOSE 
 

ACKNOWLEDGEMENTS 
The authors are thankful to UGC, New Delhi for financial assistance [ UGC-
Ref.No.:254/(CSIR-UGC NET DEC.2017]. 
 

REFERENCES 

Casado, B., Affolter, M. and Kussmann, M. (2009). OMICS-rooted studies of milk proteins, 
oligosaccharides and lipids. J. Proteomics 73:196–208.  

Schwonzen, M., Schmits, R., Baldus, S. E., Vierbuchen, M. and Hanish, F. G. (1992) 
Pfreundschuh, associated epitope. Br. J. Cancer. 65: 559–565.  

Abe, K., Mckibbin, J. M. and Hakomori, S. (1983). The monoclonal antibody directed to 
difucosylated type 2 chain (Fuc alpha 1 leads to 2Gal beta 1 leads to 4 [Fuc alpha 1 
leads to 3] GlcNAc; Y Determinant). Eur J. Biochem Bio Chem 258: 11793–11797. 

Fang, J. N., Proksch, H. and Wagner, H. (1985). Immunologically active polysaccharides of 
acanthopanax senticosus. Phytochemistry 24: 2619-22. 

Srivastava, R.,   and   Kulshretha,   K. (1989). Bio   reactive   polysaccharides   from   plants, 
Phytochem, 28:2877-2883. 

Ferdouse, A. and Monirujjaman, M.D. (2014). Human Milk Oligosaccharides Important for 
Infant Defense., Journal of Medical and Biological Sciences, 2: 1-7. 

Peterson, R., Cheah, Y., Grinyer, J. and Packer, N. (2013). Glycoconjugates in human milk: 
protecting infants. Glycobiology, 23:1425–1438. 

Barboza, M., Pinzon, J., Wickramasinghe, S., Froehlich, J.W., Moeller, I., Smilowitz, J.T., 
Ruhaak, L.R., Huang. J., Lönnerdal, B., German, J.B., Medrano, J.F., Weimer, B.C., 
and Lebrilla, C.B. (2012). Glycosylation of human milk lactoferrin exhibits dynamic 
changes during early lactation enhancing its role in pathogenic bacteria-host 
interactions Mol. Cell Proteomics, 11: 015248-10. 

Claeys, W., Claire, V., Sabine, C., Jan D.B., André, H., Katleen, R., Koen, D. and Herman, L. 
(2014). Consumption of raw or heated milk from different species: An evaluation of 
the nutritional and potential health benefits. Food Control, 42: 188-201. 

 
J. Biol. Chem. Research                                           187                                         Vol. 39 (1) 180-188 (2022) 

α-Gal(1→3)-α-GalNAc(1→3)-β-Glc(1→3)-βGal(1→4)-Glc 



Fujimura, K.E., Slusher, N.A., Cabana, M.D. and Lynch, S.V. (2010). Role of the gut 
microbiota in defining human health. Expert Rev. Anti Infect.Ther. 8: 435–454. 

Deepak, D., Saksena, R., and Khare, A. (1998). A process for isolation of oligosaccharide 
having immunostimulant activities from donkey milk. Indian patent no 3044/Oct/98, 
serial No.189748. 

Dubois, M., Gilles, K.A., Hamilton, J.K., Rebers, P.A. and Smith, F. (1956). Colorimetric 
method for determination of sugar and related substances. Analytical chemistry. 
28:350-356. 

Fiegl, F. (1975). Spot test in organic analysis. Elsevier Publication, Amsterdam. 337. 
Gey, M.H., Under, K. and Batterman, G. (1996). HPLC analysis of carbohydrates on 

polyspher ch oh columns using pulsed amperometric detection (PAD) with sodium 
hydroxide as post column detection reagent (Citations: 3). Anal. Bioanal. Chem. 356: 
339-343. 

Mehra, R., Barile, D., Marotta, M., Lebrilla, C. B., Chu, C., and German, J.B. (2014). Novel 
High-Molecular Weight Fucosylated Milk Oligosaccharides Identified in Dairy 
Streams, PLoS One. 9: 96040-96047. 

Saxena, R., Deepak, D., Khare A., Sahai, R., Tripathi, L.M. and Srivastava, V.M.L. (1999). A 
Novel Pentasaccharide from Immuno stimulant Oligosaccharide Fraction of Buffalo 
Milk. Biochimicaet Biophysica Acta, 1428: 433-445. 

Frisch, M.J. Gaussian (2009). Computational study of compound, Gaussian, Inc., Pittsburgh.  
Killiani, H. and Vernum, U.D. (1930). Uber digitalinum verum. Ber. Deutsch Chem. Ges. 63: 

2866. 
Kobata, A. and Ginsburg, V. (1970). An enzymatic basis for Lewis blood types in man. 

(1970). J.Biol.Chem. 245, 1484 s as prebiotics in infant formulas, Acta P aediatr Supp. 
l, 94(449): 22-6. 

Deepak, D., Gangwar L. and Sharma M. (2020). Isolation and Structure Elucidation of a 
Novel Tetrasaccharide Asose from Shyamadhenu’s Milk, Trends in Carbohydrate 
Research, Vol. 12, No. 4, 64-76. 

Singh, P. and Deepak, D. (2021). Isolation, NMR and Mass Spectral Studies on Prisose- A 
Novel Tetrasaccharide from Goat Milk, Trends in Carbohydrate Research, Vol 12, No. 
3, 90-109. 

 
 
 
 

Corresponding author: Dr. Desh Deepak, Department of Chemistry, University of Lucknow, 
Lucknow- 226007, India 
Email: deshdeepakraju@rediffmail.com 
 
 
 
 
 
 
 

 
J. Biol. Chem. Research                                           188                                         Vol. 39 (1) 180-188 (2022) 

mailto:deshdeepakraju@rediffmail.com

