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Abstract

Oligosaccharides are the complex carbohydrates that

are composed of two to ten molecules of monosaccharides

which almost exist in all living forms and have important

biological functions. They are getting more attention because

they exhibit a wide range of biological and pharmacological

activities, such as anti-inflammatory, anti-coagulant,

anti-tumor, anti-thrombotic, anti-adhesive, anti-arthritic,

immuno-stimulant, anti-cancer, anti-complementary,

anti-oxidant, anti-microbial, cardio-protective and

immunological activities, making them one of the most

promising candidates in biomedical and pharmaceutical fields.

Some of the health benefits attributed to milk oligosaccharides

include prebiotic pro bifidogenic effects, anti-adherence of
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pathogenic bacteria, and immunomodulation.

Oligosaccharides present in milk protect infants by reducing

the number of pathogen infections and promoting the

development of the intestinal epithelium. This paper focuses

on recent findings demonstrating the biological and

pharmacological activities of milk oligosaccharides towards

the prevention of diseases of the 21st century.

Keywords: Milk oligosaccharides, biological activities,

pharmacological activities.

Introduction
Milk is a primary dynamic biological fluid that is the

gold standard for nourishment of infants which is due to the

presence of a number of oligosaccharides present in it1.

Mammalian milk or colostrum usually contains, in addition to

lactose, a variety of oligosaccharides, with about 350 of them

characterized2. The lactose was first isolated from milk in

1633, after three hundred years, in 1933 Polonvsky and

Lespagnol first discovered the non-lactose fraction of human

milk and that component was termed as Gyno Lactose, but it

is now known that this fraction consists mainly of

oligosaccharides. Milk oligosaccharide was first isolated and

identified by Kuhn and coworkers during 1953-1963.

Numerous oligosaccharides have been detected in the milk or

colostrums of many mammalian species other than human

are domestic herbivorous animal, non-human primates,

marsupials, carnivores, caprines, monotremes, equines,

bovine, and marine mammals. Oligosaccharides play an

essential role in many molecular process impacting eukaryotic
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biology and diseases and exhibit varied biological activity

such as anti-tumor, immuno-stimulant, anti-cancer,

anti-complementary, anti-inflammatory, anti-coagulant,

hypoglycemic, antiviral and immunological activity3. Due to

these biological activities shown by oligosaccharides, the

search for a rich source of oligosaccharide started. Medicinal

and pharmaceutical researches have unrevealed the

importance of these oligosaccharides and the milk of various

sources, which are either used in folk medicine, or their

importance is reported in ancient medicinal systems

(Ayurveda and Unani). The oligosaccharides isolated from

various milk sources are categorized in two classes i.e.

sialylated oligosaccharide and non-sialylated oligosaccharide

which have been tested for their varied biological activities. A

classification of milk oligosaccharides which on the pattern of

excreted oligosaccharides (Secretor/Lewis) is pattern A

(Secretory ABH/Lewis a-b+) presence of all

fucosyl-transferase and fucosylated oligosaccharides; pattern

A1 (Secretory ABH/Lewis a-b-) absence of

α-1,4-fucosyl-transferase and of tri fucosyl-lacto-N-expose

(TFLNH), fucosyl-lacto-N-expose (DFLNH),

lacto-N-fucopentaose II (LNFP II); pattern B (no

secretory/Lewis a+b-) absence of α-1,2-fucosyl-transferase, 2’

fucosyl-lattose (2’FL) and lacto-N-fucopentaose I (LNFP I);

pattern C (no secretory “poor”/Lewis a-b-) absence of α-1,2

and α-1,4 fucosyl-transferase, i.e. the absence of all α-1,2-

and α-1,4-fucosylated oligosaccharides. A relationship

between breastfeeding and health of the infant has been
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noted from the times of the first recorded use of human milk

substitutes, going back thousands of years. As we enter the

twenty-first century, Isolation of milk oligosaccharides and its

biological importance has emerged as a vigorous and

challenging research area at the interface of biology and

chemistry. From a medical point of view, a broad range of

oligosaccharide and oligosaccharide-containing moieties act

as an effective drug against most acute and chronic diseases.

There is no doubt that anti-adhesive oligosaccharides will in

the near future join the arsenal of drugs for the therapy of

bacterial, viral and fungal diseases and open a new search

world called "Glyco Pathology".

Factors Affecting Biological Activities in Milk
There are a number of factors due to which different

milk oligosaccharides show varied biological activities. Some

of the important factors affecting biological activity in milk are

summarized as follows.

1. Milk oligosaccharides are non-digested due to the

presence of β-glycosidic linkage. So this β-glycosidic

linkage plays an important role for its prebiotic

activity4.

2. Oligosaccharide mimics containing galactose and

fucose specifically label tumour cell surfaces and

inhibit cell adhesion to fibronectin5.

3. Supplementation of milk formula with

galacto-oligosaccharides improves intestinal

microflora and fermentation in term infants6.

4. Galactose and sialic acid present in milk
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oligosaccharide are required for optimal development

of the infant’s brain7.

5. N-and O-linked oligosaccharide causes the release of

histamine and other mediators of the allergic

response which then lead to the development of

allergic symptoms8.

6. Human milk oligosaccharide containing α-1,2-linked

fucose inhibits the stable toxin-producing Escherichia

coli in vitro, and its toxin induced secretory diarrhea in

vitro and in vivo9,10.

7. Glycoconjugate found in human milk also inhibits

binding by Campylobacter jejuni in vitro and in vivo

and also inhibits binding by calci-viruses in vitro9,10.

8. Specific fucosyl oligosaccharides of human milk have

been observed to inhibit specific pathogens9,10.

9. Some important enteric pathogens, for example-

rotavirus, are inhibited by human milk

oligosaccharide, α-1,2-linked fucosylated

oligosaccharide, probably in conjugation with other

families of oligosaccharide, constitute a powerful

innate immune system of human milk9,10.

10. Presence of sialic acid in human milk serves as

anti-inflammatory components and reduces

platelet-neutrophil complex formation leading to a

decrease in neutrophil B2 integrin expression11.

11. Sialylated human milk oligosaccharide also inhibits

binding of pathogenic strains of Escherichia coli and

ulcer-causing human pathogen H. pylori11.
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12. Neutral human milk oligosaccharide may protect the

intestinal tract of neonates from Vibrio cholera11.

13. The ability of rotavirus to infect MA-104 cells in culture

is inhibited by human milk, and this inhibition is due to

a mucin-associated 46kDa milk glycoprotein named

lactadherin. Lactadherin from human milk also inhibits

rotavirus (EDIM strain) gastroenteritis in mice12.

Biologically Active Milk Oligosaccharides from Different
Origins

S.No. Animal Milk Biological Activity

1. Cow Milk Cow milk is used for the
immuno- stimulant, nourishes
the body tissues, acts as
natural aphrodisiac, does
rejuvenation and improves
intelligence, in heart diseases
and leucoderma, increase
breast milk in feeding mother,
assists in easy movement of
intestine and bleeding
disorders. Cow milk
oligosaccharides reduce the
adhesion of enterotoxic
Escherichia coli strain of the
calf13.
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2. Buffalo Milk Buffalo milk oligosaccharide
induces significant stimulation
of antibody, delayed type
hypersensitivity response to
Sheep RBC in BALB/c mice.
Buffalo Milk oligosaccharides
have the ability to stimulate
non-immunological resistance
of the host against parasitic
infections14.

3. Donkey Milk Donkey milk oligosaccharides
have the ability to stimulate
nonspecific and specific
immunological resistance15.
The orally treated animals
were recognized for a six time
increase in HA titre, two times
increase in PFC & DTH
response.

4. Mare Milk Mare milk oligosaccharide
fractions have multifold
properties such as antioxidant
and lipid lowering activities16.
It also has post heparin
lipolytic activity.
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5. Sheep Milk Sheep milk is a rich source of
fucosylated oligosaccharides
which constitute a powerful
innate immune system of
humans. The peptides present
in sheep milk have their effect
on the cardiovascular, nervous
and immune system. Sheep
milk aggravates hiccup and
dyspnoea. It also eliminates
pitta, kapha and fat. It also
contains fucose in its
oligosaccharides which
causes various biological
activities17.

6. Goat Milk Goat milk containing
galacto-oligosaccharides
could be recommended to
decrease most infant allergies
and diseases3. Goat milk
oligosaccharides have
anti-inflammatory effects in
rats with
trinitrobenzenesulfonic (T)
acid induced colitis and may
be useful in the management
of inflammatory bowel
disease2. Goat milk
oligosaccharides play an
important role in intestinal
protection and repair after
damage caused by DSS
(Dextran sodium sulphate)
induced colitis and their
implication in human intestinal
inflammation18.
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7. Elephant Milk The elephant milk
oligosaccharide fraction
contained a high ratio of sialyl
oligosaccharides that is
significant with respect to the
formation of brain components
such as gangliosides of
suckling calves19.

8. Camel Milk Camel milk oligosaccharides
show potent activity against
gonorrhea septic and hysteric
properties20.

9. Yak Milk Yak milk plays a very
important role in the traditional
Tibetan medicinal system and
is used in enema therapy as a
solution along with other
drugs. Yak milk
oligosaccharides possess
anti-hypertensive and
immunomodulatory properties.
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10. Dog Milk N-acetyl neuramin lactose
sulphate may play an
important role in the nutrition
of the rat pups, which is the
dominant oligosaccharide in
the Dog milk21.

Some Physiological Functions of Milk Oligosaccharides
Milk Oligosaccharides as a Prebiotic22

Breast-fed infant microbiota is rich in bifidobacteria.

Herein, human milk oligosaccharides (HMOS) have the ability

to promote the growth of bifidobacteria and to acidify their

environment. Prebiotic are non-digestible foods which

beneficially affect the host by selectively affecting the growth

and activity of bacteria in the colon and thus improve the

health of the host. The human intestine lacks enzymes able to

hydrolyze-glycosidic linkage with exception of lactose. Thus

milk oligosaccharides are considered to be indigestible which

reach the colon and are utilized by health promoting colonic

bacteria and known as prebiotic.

Milk Oligosaccharides as Immunomodulatory23

Milk oligosaccharides may play a physiological role in

modulating cellular adhesion in vivo. The human milk derived

acidic oligosaccharide fraction is found to enhance the

production of certain cytokines after long-term exposure (20d)

in vitro in the CD4+ as well as in the CD8+ T-cell subfraction.
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Significantly oligosaccharide isolated from buffalo milk

possesses a high degree of immunostimulant activity and is

proposed to be very helpful in curing AIDS patients.

Role of Oligosaccharides in Brain Development24

Oligosaccharides along with lactose and sialic acid

play a role in postnatal brain development. Gangliosides are

complex glycosphingolipids, which make up 10% of the total

lipid mass in the brain and contain different numbers of

negatively charged sialic acid moieties. Brain tissue is unique

in that the quantity of lipid-bound sialic acid exceeds that of

the protein-bound fraction. Gangliosides are hybrid molecules

composed of a hydrophilic sialyl oligosaccharide and a

hydrophobic ceramide portion that consists of sphingosine

and fatty acids. Many newborn mammals undergo a period of

rapid postnatal brain development that requires a large

amount of glycolipid, which are components of cell

membranes of neurons and myelin. Sialic acid present in

human milk also contribute to the increased concentration of

NeuAc, present in cerebral and cerebellar glycoconjugates of

breast fed and thus play an important role in the development

of the infant brain.Since elephant milk contains sialylated

oligosaccharides, it plays a definite role in brain development.

Effect of Milk Oligosaccharides on Mineral Absorption25

Several studies in animals and humans have shown

positive effects of non-digestible oligosaccharides (NDO) on

mineral absorption and metabolism and bone composition

and architecture. These include inulin, oligo-fructose,

fructo-oligosaccharides, galacto-oligosaccharides, soybean
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oligosaccharide and also resistant starches, sugar alcohols

and di-fructose anhydride.

Milk Oligosaccharides as Tumor Marker26,27

1-Monoclonal antibodies of several tumor cell lines

and carbohydrate antigens have provided evidence that

membrane glycoprotein or glycolipid which may function as

differentiation antigens or tumor-associated antigens occur as

free oligosaccharide in human milk. 2-Two newly isolated

oligosaccharides B-1 and B-2 both have the sialyl Lea and

Lex or Le-1 structure respectively. 3-The sialyl- Le structure in

glycolipid or glycoprotein has been defined as gastrointestinal

tumor associated antigen. These structures have been found

in mucin type glycoprotein and glycolipid in a variety of human

cancers. Oligosaccharides having the sialyl-Lea and difucosyl

Le-Le structure also occur in human milk and Lea-Lex

structure exhibits high affinity to an antibody directed to a

human squamous lung carcinoma.

Conclusion
In recent decades, research has progressed fast with

regard to the characterization of individual milk

oligosaccharide structures and patterns in milk. It is known

that milk contains a broad variety of complex oligosaccharides

in concentrations ranging from 10 to 20 g/l. However, the

quantity of these components does not only depend on the

lactational stage but is also affected by the expression of

specific glycosyltransferases in the mammary gland. The

large amount of N-acetylglucosamine containing

oligosaccharides in milk, which may favour the growth of
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specific microorganisms, is still a matter of discussion. The

analysis of the genome of some strains of Bifidobacteria

indicates their evolutionary adaptation to use specific milk

components preferentially, particularly milk oligosaccharide as

substrates. But even today, the bifidogenic effect of milk

oligosaccharide and their direct impact on the intestinal

microbiota are difficult to demonstrate in humans. The same

applies to other specific in vitro functions of milk

oligosaccharides such as their potential to influence

inflammatory and infectious processes via inhibition of the

attachment of pathogens to epithelial cells, to influence

leukocyte endothelial and neutrophil platelet interactions or to

affect cell recognition and cell signaling, cell adhesion or

neuro development. This interesting hypothesis needs further

studies, both in animals and humans regarding

structure-function relations and specific metabolic aspects.

Acknowledgement
The author is thankful to Dr. Desh Deepak, Associate

Professor, Department of Chemistry, University of Lucknow,

Lucknow for moral support and encouragement.

References
1. Singh P, Maurya RK, Rizvi AH and Deepak D (2017).

Famiose: A Novel Hexasaccharide from Donkey's

Milk. J. Biol. Chem. Research. 34(2):548-556.

2. Singh P, Srivastava AK and Deepak D (2017).

Isolation and Structure Elucidation of Caprose (novel

oligosaccharide) from Goat Milk. J. Biol. Chem.

Research. 34(1):14-20.

152



Techno World ISBN : 978-93-93166-15-9

3. Srivastava AK, Singh P and Deepak D (2016).

Isolation and NMR Studies of Novel Oligosaccharide

from Goat Milk.J. Biol. Chem. Research.

33(2):901-908.

4. Ben XM, Zhou XY, Zhao WH, Yu WL, Pan W, Zhang

WL, Wu SM, Van Beusekom CM and Schaafsma A

(2004). Chin Med J (Engl). 117(6):927-31.

5. Boehm G and Stahl B (2003). Oligosaccharides.

Woodhead Publishing Limited.203-243.

6. Kay F and Stefan V (2001). Glycoconjugate Journal.

18:373-390.

7. Sharon N andOfek I (2000). Glycoconj J.

17(7-9):659-64.

8. Newburg DS, Ruiz-Palacios GM, Altaye M,

Chaturvedi P, Meinzen-Derr J, Guerrero MF, Morrow

AL (2004). Glycobiology. 14(3):253-63.

9. Kunz C, Rudloff S, Baier W, Klein N and Strobel S

(2000). Ann Rev Nutr. 20:699-722.

10. Guillermo MRP, Luz EC, Pilar R, Bibiana CM and

David SN (2003). J. Biol.

Chem.278(16):14112-14120.

11. Mikkelsen TL, Bakman S, Sørensen ES, Barkholt V

and Frøkiaer H (2005). J Agric Food

Chem.53(20):7673-80.

12. Zhu L, Cao X, Chen W, Zhang G, Sun D, Wang PG

(2005). Bioorg Med Chem. 13(23):6381-7.

13. Osthoff G, Wit MD, Hugo A and Kamara BI (2007).

Biochemistry and Physiology. 148:1-5.

153

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Ben+XM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Zhou+XY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Zhao+WH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Yu+WL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Pan+W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Zhang+WL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Zhang+WL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Wu+SM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Van+Beusekom+CM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Schaafsma+A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Sharon+N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Ofek+I%22%5BAuthor%5D
http://bioxa.com/search?st=adv&q=author%20CONTAINS%20Mikkelsen%2C%20Trine%20L
http://bioxa.com/search?st=adv&q=author%20CONTAINS%20Bakman%2C%20Susanne
http://bioxa.com/search?st=adv&q=author%20CONTAINS%20S%C3%B8rensen%2C%20Esben%20S
http://bioxa.com/search?st=adv&q=author%20CONTAINS%20Barkholt%2C%20Vibeke
http://bioxa.com/search?st=adv&q=author%20CONTAINS%20Fr%C3%B8kiaer%2C%20Hanne
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Zhu+L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Cao+X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Chen+W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Zhang+G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Sun+D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_Abstract&term=%22Wang+PG%22%5BAuthor%5D


Techno World ISBN : 978-93-93166-15-9

14. Urashima T, Taufic E, Fukuda K and Asakuma S

(2013). Biosci Biotechnol Biochem. 77(3):455.

15. Singh P, Gupta NK and Deepak D (2019). Structure

Elucidation of Novel Trisaccharide Isolated from

Donkey's Milk. J. Biol. Chem. Research.

36(1):157-163.

16. Srivastava A, Tripathi R, Bhatia G, Khanna AK and

Deepak D (2012). Asian Pacific Journal of Tropical

Biomedicine. 1-6.

17. Singh P, Shahi S and Deepak D (2018). Isolation and

NMR Characterization of Riesose- A Novel

Oligosaccharide from Gaddi Sheep's Milk. J. Biol.

Chem. Research. 35(2):752-760.

18. Singh P, Gupta NK and Deepak D (2019). NMR and

Mass Characterization of Novel Oligosaccharide

(Gariose) from Donkey Milk. Universal

Review.VIII(V):361-374.

19. Srivastava AK, Singh P and Deepak D (2017).

Isolation and NMR Studies of Novel Oligosaccharide

from Goat milk. J. Biol. Chem. Research.

33(2):901-908.

20. Singh P, Rizvi AH and Deepak D (2017). A Novel

Hexasaccharide from Donkey's Milk. J. Biol. Chem.

Research. 34(2):548-556.

21. William AB, Urashima T, Kohso K, Nakamura T, Arai I

and Saito T (1999). Carbohydrate Research.

318:123-128.

22. Coppa GV, Zampim L, Galeazzi T and Gabrieli O

154



Techno World ISBN : 978-93-93166-15-9

(2006). Dig. Liver. Dis. 38(2):291-294.

23. Mills S, Ross RP, Hill C, Fitzgerald GF, and Stanton C

(2011). Int. Dairy J.21:382-386.

24. Yusuke U (2006). Structural Determination of the

Oligosaccharides in the Milk of an Asian Elephant

(Elephas Maximus). Comparative Biochemistry and

Physiology Part A: Molecular & Integrative

Physiology.145(4):468-478.

25. Scholz AK, Schaafsma G, Van DHE and

Schrezenmeir J (2001). Am. J. Clin.

Nutr.73:459S-464S.

26. Boudry G (2017). Bovine Milk Oligosaccharides

Decrease Gut Permeability and Improve Inflammation

and Microbial Dysbiosis in Diet-induced Obese Mice.

J. Dairy Sci. 100(4):2471-2481.

27. Darge HF, Energie AT, Tsai HC, Lai JY (2019).

Polysaccharide and polypeptide based injectable

thermo-sensitive hydrogels for local biomedical

applications. Int J Biol Macromol. 133:545-563.

155

http://www.sciencedirect.com/science/article/pii/S1095643306003564#!
http://www.sciencedirect.com/science/journal/10956433
http://www.sciencedirect.com/science/journal/10956433
http://www.sciencedirect.com/science/journal/10956433
http://www.sciencedirect.com/science/journal/10956433/145/4
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boudry%20G%5BAuthor%5D&cauthor=true&cauthor_uid=28131576
https://www.ncbi.nlm.nih.gov/pubmed/28131576
https://www.ncbi.nlm.nih.gov/pubmed/28131576

