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Pectin- a plant source:-

Pectin is the key component in fruit responsible for the formation of a gel after heating and addition of sugars. Pectin
is generally defined as water-soluble pectinic acids with varying methyl ester contents which are capable of forming
gels in addition with sugar and acid when exposed to the correct conditions. Due to its outstanding gelling ability,
pectin is a common food ingredient. Pectin is made up of a-(1, 4) linked D-galacturonic acid units linked in a linear
fashion. Pectin molecules also contain rhamnogalacturonan, a neutral sugar, which is responsible for splitting and
causing kinks in the galacturonic acid chain (Thakur et al., 1997). Pectic substances are “complex colloidal
carbohydrate derivatives that occur in, plants and contain a large proportion of anhydro-galacturonic acid units.”
Protopectin is a substance found in plant cell walls from which pectin is created (Monhen 2008). Unlike pectin,
protopectin is insoluble in water due to the fact that all of its carboxyl groups are esterified with methanol. Enzyme
hydrolysis of protopectin within the plant will yield pectinic acids leading to the softening and ripening of fruits
during which protopectin is converted to water soluble pectin (Yamaki et al., 1979). Pectinic acids are
polygalacturnonic acid units that contain more than a minimal number of methoxyl groups. Pectinic acids also
contains neutral sugars such as arabinose, galactose, rhamnose, and xylose. (Yapo et al 2007). It is a natural
prophylactic substance is used as detoxification agent. In mining industries the workers face many serious problems,
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due to the toxic cations like mercury, cadmium, lead, arsenic. These cations enter the gastrointestinal tract and
respiratory track and causes serious problems. Pectin is used in the detoxification of these cations and thereby cures
many diseases. Pectin is also used to protect against radioactivity. Pectin, shortens the coagulating time of blood.
The galacturonan molecule present in the pectin initiates the coagulation at faster rate. Cancer too is prevented by
pectin molecules in the blood stream. Pectin blocks angiogenesis in cancer cells which results in death of the cancer
cell (Makker et al. 2002). Pectin induces apoptosis in human prostate cancer cells (Jackson et al. 2007; Liu et al.
2008; Liu et al. 2010;1) According to the literature survey, the daily intake of pectin from fruit and vegetables can
be estimated to be around 5 g (where the consumption of approximately 500 g fruit and vegetable per day is
estimated). Pectin thus acts as a soluble dietary fibre. Consumption of pectin has been shown to reduce blood
cholesterol levels. Intake of pectin increases the viscosity in the GI tract and allows reduced absorption of
cholesterol from food. Micro organisms play an important role in degradation of pectin particularly in large
instestine and colon and helps in liberating short chain fatty acids that produces beneficiary effects on the human
health (Wakerly et.al 1996).

Commercial Pectins:-

Commercial pectins are produced mainly by acid extraction of apple pomace and citrus peel (BeMiller and Whistler,
1996). Commercial pectin is a by product of the fruit juice industry. Pectin is known to be a heat sensitive material,
so temperature is monitored strictly during extraction in order to obtain the highest quality product possible (May,
1990). The raw material (pomace or peel) is dried after juice is extracted in order to prevent bacterial or mold
growth. Enzymes produced by bacteria and mold are known to produce the enzymes pectin methylesterase and
polygalacturonase. Fungal polygalacturonase cleaves the a-1, 4 bonds between D-galacturonic acid units, which
degrades pectin quality and can have an adverse effect on the gelling ability of pectin. These enzymes may work
within the pectin chain (endo-enzymes) or may remove polygalacturonic acid units from the ends of pectin chains
(exo-enzymes). Fungal pectin methylesterase attacks the bond between methanol and carboxyl groups in pectin. The
enzyme de-esterifies the polygalacturonic acid units in groups, which makes the resultant pectin much more
sensitive to calcium despite the degree of esterification. Both types of enzyme degradation can take place over the
course of a few hours. These enzymes are also extracted and produced commercially in order to obtain pectins with
a specific molecular weight or degree of esterification (Willats et al. 2001). Pectins have a complementary bonding
with dairy products and are able to make use of whey as a source of calcium, enhancing their innate capabilities for
gelation, emulsification, and the ability to produce stable foams (Sriamornsak, 1998). Pedrolli et al. (2009) studied
the characterization and pectin and its industrial application of microbial pectinolytic enzymes.

Molecular Weight of Pectin:-

Molecular weight of pectin is a key parameter to form a gel, the formation of gel is mostly affected by the molecular
weight of the pectin it corresponds to the chain length due to the fact that the linear polymer chain must be long
enough to accumulate a sufficient number of weak interactions to form stable cross-links (Rees, 1972). Neutral
sugars, such as a- L-rhamnopyranosyl, are thought to be responsible for the chain irregularities that limit the size of
the chains (BeMiller and Whistler, 1996). Chain length may also be affected by the presence of covalently linked
side chains. The linked side chains give the molecule a “hairy” appearance.

The formation of gel is affected mostly by the molecular weight of pectin (BeMiller and Whistler, 1996). Pectin
with a higher molecular weight considered to be of a better grade than pectin with a lower molecular weight.
Processing of pectin limits the molecular weight of the finished product due to the depolymerization of pectin chains
(Willats et al. 2001)Extreme acid or alkaline conditions can further reduce molecular weight of extracted pectin
(Yapo et al., 2007). Alkaline conditions degrade pectin through a p-elimination reaction (May, 1990). Usually a
higher molecular weight will yield stronger gel networks when compared to the low molecular weight (Pilgim et al.
1991).

Degree of Esterification of Pectin:-

Some of the carboxyl groups of pectin chains may be esterified with methanol. If the percentage of carboxyl groups
esterified with methanol is over 50%, the pectin is referred to as pectin with a high degree of esterification. When
the percentage of carboxyl groups esterified with methanol is less than 50%, the resultant pectin is said to have a low
degree of esterification (Savary et al. 2003). As the number of carboxyl groups esterified with methanol approaches
100% (protopectin), pectin begins to lose its solubility in water and its ability to form a gel is lost (Bennion, 1980).
Most pectins extracted from natural materials classified as having a high degree of esterification usually have less
than 75% of their carboxyl groups esterified (Pedersen, 1978). Pectins with a degree of esterification between 60 and
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80% are highly soluble in water (Gee et al., 1958). Pectins can stop the milk protein in yoghurt from curdling with
heat, so heat treated (UHT) long life yoghurt drinks can be made so pectin is added in yogurts.

When pectin is extracted from raw materials, the type of fruit, the degree of ripeness and extraction conditions all
play a role in the degree of esterification that the extracted pectin will have. As fruit ripens and is converted from
protopectin to pectin, the degree of esterification decreases (Gee et al., 1958). As pectin is extracted from raw
material, an alkaline pH can de-esterify methyl groups and thus decrease the degree of esterification of the extracted
pectin (Koch and Nevins, 1989). Extended heat processing seems to have a minimal effect on the degree of
esterification (Postlmayr et al., 1956, Yapo et al., 2007).

Mechanism of Gelation:-

One important characteristic of pectin is its ability to form gels. Gelation is the association or cross-linking of long
polymer chains to form a three dimensional continuous network, which traps and immobilizes liquid within to form
a firm and rigid structure  (Yeoh, 2008). The sol to gel transition occurs because randomly dispersed polymer
segments associate in such a way that solvent is contained in its interstices. (Fig 1)

The characteristic differences between gels arise because of variations in network flexibility, the number and nature
of cross-links, attraction and repulsions between network elements, and polymer-solvent interactions. The degree of
esterification (DE) in pectin determines its solubility and gelling behavior. The ester group is less hydrophilic than
the carboxyl group; so high ester pectin will gel at a faster rate and at a higher temperature than low methoxyl
pectin. High methoxyl and low methoxylpectins gel under completely different conditions. High methoxyl pectin
requires a minimum amount of sugar (usually more than 55%) and a low pH (below 3) to form a gel whereas low
methoxyl pectin requires bivalent cations like calcium in order to a form a gel (BeMiller and Whistler, 1996). It
should be noted that in high methoxyl pectin gels, an excess of 70% soluble solids will cause pectin to fall out of
solution and thus decrease gel strength (Molyneux et al., 1971). In low methoxyl pectin gels, gelation may also be
affected by the hardness of the water used during processing, due to the presence of calcium in hard water.
(Walkinshaw and Arnot 1981; Yalpani 1988)

The gelation process can be affected by many parameters. These include the degree of methylation, distribution of
charge along the backbone, average molecular weight, ionic strength, pH, temperature, and presence of soluble
solids. The neutral sugar side chains, (such as a-L-rhamnopyranosyl), can hinder gel formation. These side chains
may be able to form weak bonds on their own, thus interfering with the pectin“s ability to form a gel network
(Thakur et al., 1997). Extracted pectins with the same degree of esterification may show different sensitivities to
calcium or different set rates. This difference may be attributed to the differences in fruit the pectin was extracted
from (May, 1990).

Pectins are negatively charged molecules, the charge can interfere with gelation. As pH increases, the charge density
increases, which can prevent pectin chains from forming junction zones (Thakur et al., 1997). An increase in pH can
also cause splitting of glycosidic bonds within the pectin molecule, lowering the molecular weight of the molecule
and decreasing its gelling ability (Albersheim et al., 1960). If the pH is well above the pKa value for the acid groups
of the pectin chain, then the negative charge of the chain will likely prevent gelation (May, 1990). Enzymatic
extraction of pectin from pumpkin was found to stable and good gelation properties (Shkodina et al. 1988).

HM pectin LM pectin
gelation mechanism gelation mechanism

Fig 1:- Mechanism of Pectin gelation
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Gels from Low Methoxyl Pectins:-

The strength of low methoxyl gels is dependent on the pectin molecular weight, degree of polymerization, and
calcium binding power. An increase in ionic strength and a neutral pH both decrease the amount of calcium needed
to form a gel (Thakur et al., 1997). Low methoxyl gels may also be formed over a wider pH range than their high
methoxyl counterparts (pH 3-6), but as pH decreases the rate of gelation generally increases . Thus low acid pectin
gels may require significantly longer setting time. The addition of sequestrants such as citrate or other fruit anions
has a noticeable effect on low methoxyl gels and can be beneficial to gel strength. Care should be taken, however,
when adding citric acid to a low methoxyl gel, since it may interfere with the complexing ability of divalent ions
such as calcium (May, 1990).

Low methoxyl pectin forms gels through divalent ion, such as Cat++ or Mg++ (Bennion, 1980). Low
methoxylpectins do not require sugar in order to form a gel network, and thus are used to produce and formulate
reduced and no-sugar gels (BeMiller and Whistler, 1996). The relative abundance of free carboxyl groups found in
low methoxyl pectin allows positively charged divalent cations to form “bridges” with the negatively charged free
carboxyl groups. Calcium “bridges” are formed between two separate chains that are in thus eventually forming a
three-dimensional network (Thakur et al., 1997). A section of backbone of the pectin molecule must be free of ester
groups for calcium ions to be able to form this “bridge”. The structure of the gel formed with divalent ions and
pectin is known as egg box model (May, 1990). These “bridges” are formed by unbranched, non-esterified
galacturonan blocks bound by calcium ions. By increasing the amount of calcium in a gel, the gel strength and gel
temperature increase as well (BeMiller and Whistler, 1996).

The addition of excess amounts of calcium can have adverse effects on the pectin gel, however. At pH 3-5, excess
calcium can cause extensive cross-linking within the gel and syneresis may occur (Thakur et al., 1997). If the
concentration of pectin is high in a low methoxyl gel, an addition of a small amount of calcium will yield an elastic
gel. However, increasing the level of calcium when the pectin concentration is low will cause a brittle gel to be
formed and in many cases syneresis will result (May, 1990). Low methoxyl pectin generally produces more brittle,
inelastic gels than high methoxylpectins and thus mouth feel of the two gels are completely different. Due to the
versatile properties of low methoxyl pectin, it can be used as not only as a gelling agent but also as a thickener
(May, 1990).

The gel temperature of low methoxylpectins is dependent on several factors: percentage of soluble solids, calcium
concentration, pH, and pectin structure (Pedersen, 1978). Low methoxyl gels are also highly dependent on the
degree of esterification, (between 30-50%) and are not less affected by changes in molecular weight.

Gels from High Methoxyl Pectins:-

The formation of high methoxyl gels requires the presence of sugar and acid (Bennion, 1980). As acid is added, the
highly charged and hydrated carboxyl groups are converted into uncharged, only slightly hydrated carboxylic acid
groups. The loss of charge and hydration allows for the pectin molecule to associate with other chains and for
junction zones to form. The formation of junction zones is aided by the addition of sugar, which competes for the
water and thus lowers the solvation of the polymer chain, which promotes chain-chain interactions (BeMiller and
Whistler, 1996). For this reason, properties of high methoxyl gels depend strongly on molecular weight of pectin
due to the increase in hydrogen bonding as a result of increased chain length (Speiser and Eddy, 1946).

Junction zones in high methoxyl pectin gels are stabilized by the presence of hydrogen bonds and hydrophobic
interactions between pectin chains (Thakur et al., 1997). Hydrophobic interactions within the gel are promoted by
the unfavorable interactions between water and the methoxyl groups of the pectin chain. Consequently, the methoxyl
groups have a tendency to associate with each other in order to reduce the contact area with water. By reducing the
number of non-polar methoxyl groups that are in direct contact with the water, the conformational stability of the
network is increased (Thakur et al., 1997). It is thought that pectin molecules form a random coil” promoted by
these interactions are controlled by the degree of hydrogen bonding and hydrophobic interactions (Palin and
Gietmann 2012).

The amount and type of soluble solids used in the gel also contributes to the overall gel strength. The strength of
hydrophobic interactions are affected by both amount and type of solute (soluble solids), and thus the temperature of
gelation, gel strength and kinetics of the development of the gel structure are all affected by the type of soluble solid
(sugar) used to produce a high methoxyl pectin gel (Thakur et al., 1997). High proportions of glucose or fructose in
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a gel are known to be detrimental to forming a high methoxyl pectin gel network. Large concentrations of glucose
may lead to pH increases, thereby increasing gel setting temperature. Conversely, a large proportion of fructose in a
gel can lower the gel setting temperature. A common solution in industry is using a mixture of glucose and fructose
syrups to obtain desired the gel quality (May, 1990).

As mentioned, hydrogen bonding in high methoxyl gels contributes gel stability. Hydrogen bonding may occur
between the oxygen atoms of carboxyl groups. Hydrogen bonds are very weak and are easily broken, but due to the
sheer number of bonds that may occur in a gel network, they make contribute substantially to the thermodynamic
stability of the gel (Thakur et al., 1997). With an increase in pectin concentration, the number of hydrogen bonds in
a gel network will increase (Kjoniksen et al., 1995). The firmness of high methoxyl pectin gels is dependent on
temperature of storage, pH, pectin concentration, and the type of sugar used in the gel (Thakur et al., 1997). At pH
values well above the pKa value for carboxyl groups, the pectin molecule has a sufficiently negative charge to
prevent gelation. By reducing the pH, gelation may occur but require initially a very high (~80% soluble solids)
sugar content. The required soluble solids level may be reduced by continuing to decrease the pH. However, a
minimum 55% soluble solid is needed to prevent that high methoxyl pectin gels from beginning to lose gel strength.
(May, 1990)

Setting temperature in conjunction with pH may also affect the quality of a high methoxyl pectin gel. When soluble
solids content is constant in a gel, an increase in pH can cause a decrease in strength above a certain critical limit. As
the pH increases, the setting temperature decreases. As pH decreases, the setting temperature of the gel increases. If
the setting temperature increases to the boiling point, this can have an adverse effect on the gel structure. The action
of the boil can cause shearing and disruption of the gel network and syneresis and an incomplete gel network are the
common result (May, 1990). Temperature during storage of the gels is also very important, and can have a major
impact on pectin molecule interactions and the time needed to form a gel (Silva and Rao, 1995).

Conclusion:-

Today, commercial pectin is used in different applications such as jams, jellies, yogurt, acid dairy drinks and
confectionery. As a nature derived product with approved nutritional benefits, pectin is in high demand. It is widely
used as a texturizer, stabilizer, and emulsifier in a variety of foods and other industries. In low calorie foods it is
used as a fat and sugar in the food industry, where new applications are constantly being discovered, and
increasingly in pharmaceutical, in food and cosmetics applications. Modern tools of science such as genetic
engineering can be used to modify pectins in vivo which can be use as a carrier of controlled release application
based delivery systems, especially ionotropic gelation and gel coating. These simple techniques, together with the
safe toxicity profile, make pectin a promising excipient for food industry and pharmaceutical industry for future
applications.
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