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Abstract: - Pectin a naturally occurring polysaccharide,
methylated ester of polygalacturonic acid has in recent years
gained increased importance. This research emphasized on
pectin extraction and characterizations from sweet lime peel. In
general, the research had been divided into two parts namely
effect on pectin yield at different pH and characterization of
pectin. The outcome of the present work highlighted that the
sweet lime peels are good source of pectin and have the potential
to become important raw material for food processing industries.
These results demonstrate the successful extraction of pectin,
providing potential benefits for industrial extraction of pectin
from an economic and environmental point of view.
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I.

INTRODUCTION

P

lants and their products have always been a source of
various drugs and excipients used in pharmaceutical
formulations. Pectin, a naturally occurring polysaccharide, has
in recent years gained increase importance. Pectin is the
methylated ester of polygalacturonic acid and it is
commercially extracted from citrus peels and apple pomace
under mild acidic conditions. This broader class of pectic
substances has been studied extensively both in regard to its
biosynthesis and its involvement in the structure of plant
tissues. Many of these materials contain very substantial
amounts of a range of neutral sugars, especially arbinose and
galactose, with smaller amounts of rhamnose, xylose and
glucose, and they are frequently closely associated with other
polymers containing entirely neutral sugars. In contrast, the
pectins are characterized by a high content of galacturonic
acid, and this has become part of the definition for pectin used
as food additives or for pharmaceutical purposes. This
requirement in itself limits the potential sources of food and
pharmaceutical pectins. Such pectins contain a linear
backbone of galacturonic acid units interrupted by occasional
neutral sugar residues. The intervening regions of the chain
are claimed to be very largely composed of galacturonic acid
with up to 4/5 of the acid groups esterified with methanol.
Pectin, a multifunctional constituent of cell
wall is a high value functional food ingredient widely used as
gelling agent and as stabilizer. It is produced commercially in
form of white to light brown powder, mainly extracted from
citrus fruits, and is used in food as gelling agent particularly in
jams and jellies. It is also used in fillings, sweets, as a
stabilizer in fruit juices and milk drinks and as a source of
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dietary fibre. Consumption of pectin has been shown to
reduce blood cholesterol levels.
II.

CLASSIFICATION

Pectins are generally classified based on their degree
of esterifications or degree of methylation of contained
carboxyl groups with methanol. The percentage of ester group
is called degree of esterification.
Two main classes and several subclasses of pectin
exist. High Methyl Ester (HM-) pectin is the first general class
of pectin. High methyl ester pectins are classified in groups
according to their gelling temp as rapid set to slow set pectins.
In this type of pectin, a high portion (>50%) of carboxyl
groups exists as a methyl ester. The remaining carboxyl
groups exist as the free acid, ammonium, sodium, calcium, or
other rarer salts.

Fig no.1: High methyl ester pectin formulae

Low Methyl Ester (LM-) pectin is the second general type.
For this type of pectin, less than 50% of the carboxyl groups
exist as the methyl ester variant. Modification of the
extraction process or continued acid treatment will yield low
methyl ester pectin.

Fig no.2: Low methyl pectin formulae

III.

METHOD OF PRODUCTION

The raw material taken under examination for
extraction of pectin is sweet lime. Peels are removed from
fresh sweet limes which are procured from local market and
which were harvested in the month of December 2014 to
February 2015.
Initially peels are dried and ground it into fine
powder. Hydrochloric acid in distilled water solutions of
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desired pH values 1, 2 and 3 are prepared. Sweet lime peel
samples weighing 10gm each are dipped in to the solution and
heated at 80 °C for 15 minutes. After cooling the solution, it is
filtered using Whatmann filter paper. Ethanol is added to the
filtered solution to facilitate filtration of pectin. The solution

is filtered using centrifuge at 3500 rpm for 15 minutes at 10°C
to separate jelly pectin which is dried under vacuum at 50°C
for two hours.
Dried pectin is thus obtained.

Dried peels

pH meter

Ethanol added

Centrifuge

Fine peels powder

Mixing of peel sample

Filtrate

Separation

Water bath heating

Filtration

Jelly Pectin

Dry Pectin
Fig no.3: Pictorial presentation of the process
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IV. CHARACTERIZATION OF PECTIN

3.

Years of pectin research have produced several
important commercial analytical measures. The dried pectin
obtained from the peels of sweet lime was subjected to the
following qualitative and quantitative test to characterize
them.
A. Qualitative tests
1.

Colour:
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Determination of ash content: Five grams of each of the
sample was accurately weighed into a weighed empty
crucible separately. The crucible was transferred to a
furnace set at 60°C to burn off all the organic matter.
The carbon charred and then burnt off as carbon dioxide,
leaving a dark ash; this process lasted for 24 h. The
crucible was taken out of the furnace and placed in a
desiccator to cool. The crucible after cooling was
reweighed again. This was calculated using formula
Ash content (%) =

This was done by visual observation;

𝑤𝑒𝑖𝑔 𝑡 𝑜𝑓 𝑎𝑠

2.

Solubility of dry pectin in cold and hot water:

𝑤𝑒𝑖𝑔 𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

(0.25%) of the pectin samples were separately
placed in a conical flask with 10 ml of 95% ethanol
added followed by 50 ml distilled water. The mixture
was shaken vigorously to form a suspension which was
then heated at 85-95°C for 15 min;
3.

4.

Solubility of pectin solution in cold and hot alkali
(NaOH):
1 ml and 0.1 N NaOH was added 5ml pectin
solution and then heated at 85-90°C for 15 min;

Qualitative test observation:
Parameter

Sweet lime pectin

Colour

Brown

Solubility in cold water

Dissolved slightly after
vigorous shaking

Solubility in hot water

The mixture dissolves

Solubility of pectin
suspension in cold alkali
Solubility of pectin
suspension in hot alkali

Suspension forms yellow
precipitate
Suspension dissolves and
turns milky

Equivalent weight =
𝑤𝑒𝑖𝑔 𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 ×1000
𝑚𝑙 𝑜𝑓 𝑎𝑙𝑘𝑎𝑙𝑖 ×𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝑎𝑙𝑘𝑎𝑙𝑖

5.

and alkali

B. Quantitative tests:
pectin yield: pectin yield is calculated as
Pectin (g/100g) =
𝑤𝑒𝑖𝑔 𝑡 𝑔 𝑜𝑓 𝑑𝑟𝑖𝑒𝑑 𝑝𝑒𝑐𝑡𝑖𝑛
𝑤𝑒𝑖𝑔 𝑡 𝑔 𝑜𝑓 𝑑𝑟𝑖𝑒𝑑 𝑝𝑒𝑒𝑙 𝑝𝑜𝑤𝑑𝑒𝑟 𝑡𝑎𝑘𝑒𝑛 𝑓𝑜𝑟 𝑒𝑥𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛

2.

× 100;

Determination of moisture content: A dried empty petri
dish was dried in an oven, cooled in a dessicator and
weighed. Five grams of the pectin sample was
transferred into the crucibles in the oven which was set
at 130°C for 1 h thereafter the petri dish was removed,
cooled in a dessicator and weighed. This process was
repeated once. The moisture content was calculated
using formula

Determination of equivalent weight: Equivalent weight
is a very important physical property of pectin. It is the
most important characteristic in determining the
functional behavior of pectin. Gelling abilities of
individual pectin’s are tied very closely with equivalent
weight. Equivalent weight was determined by
Ranganna’s method. 0.5 g sample was taken in a 250 ml
conical flask and 5 ml ethanol was added. 1 g of sodium
chloride and 100 ml of distilled water were added.
Finally 6 drops of phenol red was added and titrated
against 0.1 N NaOH. Titration point was indicated by
pink color. This neutralized solution was stored for
determination of methoxyl content.
Equivalent weight was calculated by
following formula

Table no.1: Color and solubility of pectin at different conditions in water

1.

𝑤𝑒𝑖𝑔 𝑡 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒
𝑤𝑒𝑖𝑔 𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

;

Determination of methoxyl content ( MeO ) :
Determination of MeO was done by using the
Ranganna’s method (1995). The neutral solution was
collected from determination of equivalent weight, and
25 ml of sodium hydroxide (0.25 N) was added. The
mixed solution was stirred thoroughly and kept at room
temperature for 30 min. After 30 min 25 ml of 0.25 N
hydrochloric acid was added and titrated against 0.1 N
NaOH. Methoxyl content was calculated by following
formula
Methoxyl content % =
𝑚𝑙 𝑜𝑓 𝑎𝑙𝑘𝑎𝑙𝑖 ×𝑛𝑜𝑟𝑚𝑎𝑙𝑖𝑡𝑦 𝑜𝑓 𝑎𝑙𝑘𝑎𝑙𝑖 ×3.1
𝑤𝑒𝑖𝑔 𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

6.

;

Determination of total anhydrouronic acid content
(AUA): Total AUA of pectin was obtained by the
following formula
% of AUA =
176 × 0.1𝑧 × 100 176 × 0.1𝑦 × 100
+
𝑤 × 1000
𝑤 × 1000

Moisture content % =
100 −

× 100;

× 100;
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Where;
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z = ml of NaOH from equivalent weight determination.

4.

Determination of total anhydrouronic acid content

y = ml of NaOH from methoxyl content determination.
% of AUA =

w = weight of sample.
7.

Determination of degree of esterification (DE): The DE
of pectin was measured on the basis methoxyl and AUA
content and calculated by flowing formula
% DE =

176 ×%𝑀𝑒𝑂
31×%𝐴𝑈𝐴

× 100 ;

=

5.

C. Quantitative test calculations:
1.

Yield of pectin
=

Weight g of dried pectin
Weight g of dried peel powder taken for extraction
4

Pectin (g/100gm) =
2.

× 100
= 40 ;

6.

176 ×0.1y×100
w ×1000

176 ×0.1×7.2×100
0.5×1000

+

176 ×0.1×15×100
0.5×1000

176 ×%𝑀𝑒𝑂

× 100

31×%𝐴𝑈𝐴
176 ×9.3
31×78.14

× 100

Determination of moisture content:
Moisture content % =

Determination of equivalent weight
Equivalent weight =

+

= 67.57;

× 100

10

w×1000

= 78.1;
Determination of degree of esterification
% DE =

Pectin (g/100gm) =

176 ×0.1z×100

100 − ( 𝑊𝑡 𝑜𝑓 𝑟𝑒𝑠𝑖𝑑𝑢𝑒 𝑊𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 × 100)

Weight of sample ×1000

= 10;

ml of alkali ×normality of alkali

=

0.5×1000

7.

Determination of ash content:

7.2×0.1

= 694.44;

Ash content% =

𝑊𝑡 𝑜𝑓 𝑎𝑠
𝑤𝑡 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒

× 100

= 12.5;
IV.

RESULT AND DISCUSSION

Physiochemical characteristics of pectin at different pH
Following table shows various physiochemical characteristics
of pectin at different pH conditions:

Fig no.4: Eq.wt determination

3.

Determination of methoxyl content
Methoxyl content % =

ml of alkali ×normality of alkali ×3.1

pH

1

2

3

Yield (% )

40

23

10.7

Equivalent Wt

694.44

657.39

634.17

Methoxyl content (%)

9.3

8.9

8.23

AUA (%)

78.14

69.38

67.76

Degree of esterification (%)

67.57

63.15

57.17

Moisture content (%)

10

9.1

8.3

Ash content (%)

12.5

10.8

8.1

Table no.2: Physiochemical characteristics of pectin at different pH

GRAPHICAL REPRESENTATION

Wt of sample
15×0.1×3.1

=
0.5
= 9.3;
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D. Methoxyl content

Pectin yield at different pH
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Methoxyl content is an important molecular
index for pectin classification that describes the extent to
which carboxyl groups in pectin molecules exist as the methyl
ester in ratio to all esterified groups. Methoxyl content is an
important factor in controlling the setting time of pectins and
the ability of the pectin to form gels. Methoxyl content for
extracted pectin was found to be 9.3%, 8.9% and 8.23%
respectively for pH 1, 2 and 3. Spreading quality and sugar
binding capacity of pectin are increased with increase
methoxyl content.

10

E. Anhydrouronic acid content

45
40
35
30
25
20

5
0
1

pH

2

3

Graph no.1: Yield of pectin Vs pH

Yield of pectin decreases with increase in pH of the
solution. Yield of pectin is highest at pH 1 which is 40%, and
decreases to 23% at pH 2 and 10.7% at pH 3. Therefore pH
plays a significant role in yield of pectin. The yield of pectin
becomes negligible when the pH goes on increasing above 5.
V. DISCUSSION
A. Moisture content
Moisture content decreases as the pH increases.
At pH 1 moisture content is highest that is 10 %. It decreases
to 9.1 % at pH 2 and 8.1 at pH 3. For commercial pectin the
value of moisture content lies in between 9.4 % to 11.3 %.
The pectin is very hygroscopic, for this reason, it must be
preserved in closed dry atmosphere.
B. Ash content
Ash content for given pectin at pH 1, 2, 3 was
found to be 12.5%, 10.8%, 8.1% respectively. The upper limit
of ash content for good-quality pectin is considered to be
15.2% from the view point gel formation. Therefore, with
respect to this parameter, the pectin isolated in this study may
be considered to be of satisfactorily good quality.
C. Equivalent weight
Equivalent weight is a very important physical
property of pectin. It is the most important characteristic in
determining the functional behavior of pectin. Gelling abilities
of individual pectins are tied very closely with equivalent
weight. Equivalent weight for pectin extracted was found to
be 694.44, 657.39, and 634.17. This parameter as reported in
literature varies in a wide range depending on the method and
the nature of the citrus fruits used for extraction. High
equivalent weight would have higher gel forming effect. The
lower equivalent weight could be higher partial degradation of
pectin. The increased or decreased of the equivalent weight
might be also dependent upon the amount of free acid.
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AUA is important to the gelling capabilities of
given pectin. The AUA indicates the purity of the extracted
pectin and its value should not be less than 65%. The value of
AUA in the given sample of extracted pectin was found to be
78.14%, 69.38% and 67.76% for pH values of 1, 2 and 3
respectively. Low value of AUA means that the extracted
pectin might have a high amount of protein.
F. Degree of esterification
DE is an important molecular index for pectin
classification that describes the extent to which carboxyl
groups in pectin molecules exist as the methyl ester. The
degree of esterification for given samples of extracted pectin
was found to be 67.57%, 63.15% and 57.17% respectively for
pH 1, 2 and 3. In this study, the pectin can be categorized as
high methoxyl pectin (HMP) because it has a % DE that is
higher than 50%.Degree of esterification decreased with the
increase of maturity. DE actually depends on species, tissue
and stages of maturity.
VI.

CONCLUSION

This research emphasized on pectin extraction
and characterizations from sweet lime peel. In general, the
research had been divided into two parts namely effect on
pectin yield by different pH and characterization of pectin.
The results indicated that different pH effect on the extraction
yield. The best condition were, extracting temperature at 80°C
at 1pH for 15min and using hydrochloric acid as the
extracting solvent. This gave a yield of 40.
The overall results demonstrated that the
premature sweet lime peels may be as a rich source of pectin
as well as extracted pectin might be used as the functional
food ingredients domestically and industrially.
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