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1. Introduction

Natural polymers and their application in the pharmaceuti-
cal industry are covered by the presence of synthetic polymers.
Natural polymers are preferred above the synthetic as they are
inert, safe, non-toxic, biocompatible, biodegradable, low cost, eco-
friendly and abundantly available in nature (Guo, Skinner, Harcum,
& Barnum, 1998). Probably one of the materials taking more ben-
efit from these advantages is the polysaccharide family, which has
been gaining interesting and valuable applications in the biomedi-
cal and specifically in biopharmaceutical field. Polysaccharides can
be obtained from a number of sources including seaweeds, plants,
bacteria, fungi, insects, crustacea, animals and even humans, and
can be structurally tuned through genetic engineering (Colquhoun
et al., 2001; Coviello, Matricardi, Marianecci, & Alhaique, 2007;
D’Ayala, Malinconico, & Laurienzo, 2008; Kost & Goldbart, 1997;
Laurienzo, 2010). The polysaccharide term gathers collectively
quite diverse large carbohydrates that can be composed of only
one kind of repeating monosaccharide (termed homopolysaccha-
rides or homoglycans; e.g. starch, cellulose) or formed by two or
more different monomeric units (heteropolysaccharides or hetero-
glycans; e.g. agar, alginate, carrageenan). The conformation of the
polysaccharide chains is markedly dependent not only on t
and ionic strength of the medium, particularly in the case o
polyelectrolytes, but also on the temperature and the concentra
of certain molecules. Polysaccharides are divided i
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extracts fr@
as early as 6%
is the so-called

and medicines were already used
e major constituent of such algae
geenans, co-polysaccharides with the linear
backbone built up B p-galactose and 3,6-anhydro-a-p-galactose
with variable density in the sulfated group (Campo, Kawano, da
Silva, & Carvalho, 2009). Chondrus crispus, Gigartina stellata, Iridaea
spp., Eucheuma spp. and Kappaphycus spp. (Fig. 1) are the chief raw
materials used for carrageenan extraction.

Ideally, each disaccharide in the chain contains a (3-delta-
galactopyranose (G-unit) with either «-delta-galactopyranose
(p-unit) or 3,6-anhydrogalactose (DA-unit). Other carbohydrate
residues commonly exist in carrageenan, such as xylose, glucose,
and uronic acids. The disaccharide units are variably sulfated,
resulting in a sulfate content of 22-38% by weight in commer-
cial carrageenan (Van de Velde & De Ruiter, 2002). Other cations,
such as ammonium, calcium, magnesium, potassium, and sodium,

are also often present in the form of galactose esters (FAO,
2007; U.S. Pharmacopeia, 2010). Carrageenan is a good source
of soluble fibre (Burtin, 2003). There are several different car-
rageenans with slightly varied chemical st res and properties
(McHugh, 2003). The three most prevaleg ichest commer-
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in the pharmaceutical indus-

ntal medicine, carrageenan is often used for
flammatory agents (Zacharopoulos & Phillips,

s a strong position in the biomedical field. Due to their
chemical structure and physical properties this natural
source can be used in the different applications, varying from tis-
sue engineering to the preparation of drug vehicles for controlled
release. This review article is prepared in order to focus on the
present use and the diversified applications of carrageenan in phar-
maceutical and food sectors.

2. Short summary on types, structure and properties of
carrageenans

There are several different carrageenans with slightly varied
chemical structures and properties (McHugh, 2003). Carrageenan
formed by alternate units of D-galactose and 3,6-anhydro-galactose
(3,6-AG) joined by «-1,3 and (3-1,4-glycosidic linkage. Accord-
ing to the literature survey, carrageenan can be classified in 3
ways, based on the amount and position of sulphate groups, based
on their family and based on its properties. Depending on the
amount and position of the SO3~ groups carrageenan are classi-
fied into A(lambda), k(kappa), (iota), v(nu), p(mu), O(theta) and
&(Ksi), all containing about 22-35% of sulphate groups (Stanley,
1987). Based on the family, Greer and Yaphe (1984) classified
carrageenan mainly into three types as shown in the Table 1
(Anderson, Campbell, Harding, Rees, & Samuel, 1969; Glicksman,
1979; Hoefler, 2001; Hoffmann, Russell, & Gidley, 1996; Imeson,
2000; Moirano, 1977; Rees, 1969). The first family involves kappa
(k) family which contain a subclass like Kappa, iota, mu and
nu carrageenan. The second class of family involves lambda car-
rageenan which, contain subclass like lambda, Xi and pi and
the third class involves beta family containing subclass like beta
and gamma carrageenan. Whereas Mollion, Moreau, and Christian
(1986) introduced another family named omega family in which
sulphate groups are on the Cg of the 1,3-1, linked galactopyranosyl
units. Alpha carrageenan was included as a subclass in beta family
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