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DESERTATION

To my parents

ABSTRACT

Low-methoxyl pectin was extracted from sunflower heads and
head-stalk mixtures (1:1, w/w) and modified either during or after
isolation, by NH 0H demethylation.
4

The number of processing steps

was reduced substantially by modification during pectin isolation.
The poor gelation characteristics of native sunflower pectins
{pregelation, brittleness and lack of elasticity) were improved by
NH 0H demethylation, especially with head pectins.
4

The NH 0H
4

treatments were effective in reducing the methoxyl, acetyl, and
ash contents, and molecular weight, and in increasing the acid
amide and galacturonic acid contents.

It was presumed that the

improved gelation characteristics were related to these changes in
chemical composition, and to greater randomization of methoxyl and
carboxyl groups along the polygalaturonic acid chains.
For demethylation of rehydrated pectins, a high demethylation
rate and high amidation efficiency were associated with a high
degree of hydration of pectin particles, high NH 0H concentrations,
4
and low temperature.

For demethylation of pectin extracts and

pectin precipitates, a high demethylation rate and high amidation
efficiency were again associated with high concentrations of NH 40H
and low temperature.

The extent of demethylation and amidation

were dependent upon reaction time, NH 0H concentration, and
4
temperature. Reductions in molecular weight proceeded at a slower
rate at higher concentrations of NH 0H and a low reaction temperature.
4

i

A pH of 4.3 was optimal for gel formation in the case of pectins
(head and head-stalk mixtures) from the 1976 sunflower crop, which
contrasted with a value of 3.0 for pectins isolated from 1977
sunflower heads.

ii
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1.

INTRODUCTION

Sunflowers (HeZianthte annuus) are presently grown for their
seed which is utilized primarily as a source of vegetable oil and
meal, and as a confectionery ingredient.

For the yearsl978 through

1982, total world production of sunflower seeds has ranged from 10.2
billion to 13.0 billion kg.

In Canada, the production of oilseed

and confectionery sunflowers has occuppied from 77,100 to 161,300
hectares annually over the same period (Anonymous, 1982).
After harvest, large quantities_of heads and stalks are left as
waste on the field.

These waste materials have been investigated as

potential sources of dietary fibre (Sosulski and Cadden, 1982) and
pectin (Lin et al, 19751 1976t Riaz ·and Uddin, 1972; Shewfelt and
Worthington, 1953).

Since the economics of growing sunflower in Western

Canada and have been and remain marginal (Duncker, 1982), even a small
increase in returnsfrom the sale of products and by-products would
have a marked impact on the production potential of this crop.
Colin and Lemoyne (1940) first reported the presence of pectic
substances in the

pith of sunflower plants.

Researchers have since

investigated the composition, distribution and isolation of pectins
in sunflower heads and stalks with the objective of commercial
development (Bishop, 1955; Filippov and Vlasyeva, 1972; Lin et al.,
1976;

1978; Riaz and Uddin, 1972; Sabir et al., 1975; 1976; Shewfelt

and Worthington, 1953; Stoikoff, 1948; Zitko and Bishop, 1965).
These investigations have shown that sunflower cultivars contain

17to~25%

2

pectin in the head and 5% in the stalks.
for 45% of the total plant pectin.

However, stalks accounted

The comparative pectin contents

in citrus peel and apple pomace are 30 to 35% and 15 to 20% respectively
(Whistler, 1969).
The degree of esterification (DE) (with methoxyl groups) of
the polygalacturonide in sunflower pectin was considerably lower
than the DE content of either citrus or apple pectin, and sunflower
was confir.med to be a natural source of low-methoxyl (LM) pectin
(Zitko and Bishop, 1965). The pectin market has been dominated by
high methoxyl (HM) pectins which require 60% or more of sucrose to
form gels (Nelson et al., 1977). However, the increasing demand for
dietetic foods has expanded the market for LM-pectins which require
only Ca++ to form gels (Anonymous, 1970).

At the present time,

commercial LM-pectins are manufactured by demethylation (saponification) of HM-pectins obtained from citrus peel and apple pomace
(Nelson et al., 1977).
The gelation characteristics of sunflower pectins were found to
be inferior to those of commercial LM-pectins (Kim et al., 1978c).
It has been reported that demethylation of HM-pectins with NH 40H in
alcohol or with concentrated NH 0H will yield LM-pectins which contain
4
acid amide (AA) groups as well as methoxyl and free carboxyl (COOH)
groups (Joseph et al., 1949).

It appeared that the gelation

characteristics of sunflower pectins might be improved by randomization of the methoxyl and COOH groups through demethylation with

3

NH 0H.
4

The addition of AA groups to the free COOH groups would

limit the extensive formation of free COOH groups and contribute
further to randomization of the functional groups.
The objectives of the present study were: 1) to investigate
the potential of using NH 0H demethylation technique in modifying
4
the gelation properties of sunflower pectins extracted from heads
and stalks, 2) to determine optimum demethylation conditions
(concentration of alcohol, NH 0H concentration and temperature) to
4
achieve maximum amidation efficiency and 3) to determine at which
stage (dried pectin powder, pectin extract, pectin precipitate),
during pectin isolation the demethylation process should be conducted.

4

2•

2.1

LITERATURE REVIEW

Nomenclature
After Vanquelin (1790) published the first information on water-

soluble gelling substances in fruits, a variety of terms were used in
the literature to designate the various pectic materials isolated from
plant sources.

Considerable confusion resulted, which led to the

standardization of nomenclature by a committee of the American Chemical
Society (1944).

The present American Chemical Society definitions are

given below.
Pectic substances is a group designation for those complex,.
colloidal carbohydrate derivatives which occur in, or are prepared from,
plants and contain a large proportion of galacturonic acid (GA) units
linked together in a chain-like fashion.

The COOH groups of

polygalacturonic acids can be partly esterified by methyl groups and
partly·or completely neutralized by one or more bases.
Protopectin is the term for the water-insoluble parent pectic
substances which occur in plants and which, upon restricted hydrolysis,
yield pectins or pectinic acids.
Pectinic acids are colloidal polygalacturonic acids containing more
than a negligible proportion of methyl ester groups.

Pectinic acids,

under suitable conditions, are capable of forming gels with sucrose
and acid, or, if suitably low in methoxyl content, with certain ions.
The salts of pectinic acids are either normal or acid pectinates.
Pectin designates those water-soluble pectinic acids of varying
methyl ester content and degree of neutralization which are capable

5

of forming gels with sucrose and acid under suitable conditions.

This

term is most closely associated with the product of commerce.
In the commercial pectin trade, pectins are classified into several
groups according to their DE, time and temperature relationship
required for gelation, and the· amount of sucrose requiredfor gel
formation.

Nelson et al. (1977) classified commercial pectins into

two groups, mainly HM and LM pectins, based on the DE of the COOH
groups.

HM pectins are those which have over 50% of their COOH groups

esterified, whereas LM pectins have a DE between 30 and 50%.

The

gelation requirements for these two groups of pectins are quite different
and will be discussed later.

The HM pectins were classified further

into rapid-set and slow-set pectins, based on the time and temperature
relationship for

gelatio~which

was. influenced strongly by the DE.

Rapid-set HM pectins have a DE of over 68%, whereas the DE for slow-set
HM pectins is approximately 60%.
In the food industry, HM pectins are marketed in terms of gelly
grade (McCready, 1970).

It is defined as the number of unit weights

of sugar which one unit weight of pectin will set a 65% solids jelly
of specified strength under suitable conditions of acidity.

However,

little agreement on the standardization is found among different
suppliers and users of LM pectins.

The detailed methods for

standardizing HM and LM pectins are given in NRC-NAS (1972).

6

2.2

Occurrence of pectic substances
Pectic substances are part of all higher plant tissues.

They are

deposited mainly in the primary cell wall and the middle lamella
(Northcote, 1958).

Consequently, meristematic and parenchymous

tissues are particularly rich in pectic substances.

Pectic substances

exist as part of the hemicellulose-pectin gel which functions as a
structural element and as a membrane.

The pectic substances in the

middle lamella are often referred to as intercellular cement or cell
adhesive (Pilnik and Voragen, 1970).
The major portion of pectic substances present in plant tissues,
especially in immature fruits and vegetables, is in a water-insoluble
form commonly designated protopectin (Joslyn, 1962).

Many researchers

(Doesburg, 1965; Joslyn, 1962; McCready, 1970) have suggested that the
water-insolubility of protopectins is probably due to factors such as
primary and secondary bonding between pectic substances and other cell
wall constituents, particularly hemicellulose, formation of insoluble
salts involving the COOH groups and multivalent cations such as Ca++
and Mg++, and mechanical enmeshing of filamentous protopectin
macromolecules with one another and with other polymers of the cell wall.
The water-insoluble protopectin of fruits and vegetables is gradually
transformed into water-soluble forms, and eventually to sugars and
acids, by naturally-occurring enzymes during the ripening process
(Doesburg, 1965).

8

2.3

Sources of pectins
The pectin content of plant materials varies widely, depending on

many factors such as plant source, cultivar, type of plant tissue and
stage of growth.
Table 2.1.

The pectin contents of some plantstuffs are shown in

Rich sources of pectin include citrus peel (albedo), apple

pomace, sunflower heads and sugar beet pulp.
Citrus waste·(lime, lemon, orange and grapefruit) from the production
of citrus products such as canned (peeled) fruits and juices, and apple
pomace from apple juice manufacturing, are the most important sources
of commercial pectin.

Francis et al. (1975) reported that approximately

75% of the total world production of pectin was from citrus waste.
Apple pomace was largely used for the manufacture of liquid pectin,
predominately in Western Europe.

Sugar beet and sunflower pectin were

produced to a limited extent in Eastern Europe.

2.4

Pectin content of sunflowers
Lin et al. (L975) reported that the total pectin content of four

sunflower cultivars varied from 15 to 24% in heads and 4 to 7% in
stalks.

In Peredovik sunflower, the total pectin contents of the

head, bracts, neck and stalks were found to be 19, 11, 7 and 5%
respectively, but stalks accounted for 45% of the total plant pectin.
Other literature values for total pectin in sunflower heads are 14 to

18% (Shewfelt and Worthington, 1953), 21% (Bishop, 1955), 26% (Stoikoff,
1948) and 17 to 25% (Riaz and Uddin, 1972).
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Campbell et al. (1978) studied, the development of water-insoluble
pectins in heads and stalks of various sunflower cultivars from seed
development to harvest.

It was found that the water-insoluble pectin

content of heads increased from 4.8 to 6.2% during seed development to
17.2 to 22.8% at harvest.
late cultivars.

This increase was greater in early than in

On the other hand, the water-insoluble pectin content

of stalks increased only slightly from 4.4 to 5.5% during seed
development to 7.6 to 8.2% at harvest.

2.5

Chemical composition of pectic substances
Pectins exhibit wide variations in molecular weight (MW), DE,

acetyl content, content and binding of neutral sugars, and distribution
of functional groups and nonuronides (Pilnik and Voragen, 1970).
Therefore, the chemical composition of pectic substances can be
discussed only in a general fashion.
The backbone structure of the ·pectin molecule is composed of an
unbranched chain of

a-D-(1~4)

galacturonic acid.

believed to have a G-1 conformation (Fig. 2.1).

The nomomer is
Therefore, the

glycosidic bonds are of the axial-axial type which cause the polymer
chain to have a screw axis with a tendency to coiling (Pilnik and
Voragen, 1970).
the GA chain.

However, some nonuronide material may form part of
Aspinall et al. (1968) have demonstrated through

fractionation and partial hydrolysis of lemon-peel pectin that
L-rhamnose forms part of the main chain.

Similar results have been

obtained with apple pectin (Barrett and Northcote, 1965).

Some
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H

H

H

Figure 2.1

Representation of the galacturonan segment of a
pectic substance in the C-1 conformation (Nelson
et al., 1977).
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neutral sugars and neutral polysaccharides are covalently linked to
the polygalacturonic chain as side chains (Smit and Bryant, 1967;
Neukam et al. 1960; McCready and Gee, 1960).

The nonuronide sugars

that have been isolated from pectic substances were reviewed by
Worth (1967).

The neutral sugar content was dominated by D-galactose,

L-arabinose, and

L-rhamnos~,

with lesser amounts of D-xylose, L-fucose,

2-0-methyl-D-lzylose and 2-0-methyl-L-fucose.

Portions of the neutral

sugars occur as neutral polysaccharides, arabans, galactans and
arabinogalactans.

Some nonuronide sugars and polysaccharides are

admixed with the isolated pectic substances, and they can be removed
by.repeated dissolution in water and precipitation of the purified
pectin with alcohol. The polygalacturonic acid units may contain
methyl groups esterified to the COOH groups (Fig. 2.1).

Some of the

COOH groups exist in free acid form, and some are neutralized with
various ions (McCready, 1970).
esterified pectin

The methoxyl content of a fully-

is, theoretically, 16.32% (Joseph et al., 1949).

Due to the presence of other carbohydrates, however, the maximum
levels in commercial samples are usually 11 to 12% (Anonymous, 1953;
Bishop, 1955).

Zitko and Bishop (1965) reported that the methoxyl

levels in sunflower, sugar beet, apple and citrus pectins were 6.3,
8.9, 10.2 and 10.9% respectively, and drew attention to sunflower
as a natural source of LM-pectin.

McComb and McCready (1957) showed

conclusively that some of the secondary OH groups of the GA units
of pectin were esterified with acetic acid (Fig. 2.1). The acetyl
contents of pectins from several sources are shown in Table 2.2. The
values ranged from 0.25 (raspberry) to 2.50% (sugar beet).

Schultz
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Table 2.2

Acetyl content of several pectins (McComb and
McCready, 1957)

Source of pectin

Acetyl (%)

Raspberry

0.25

Citrus

0.23

Cherry

0.18

Apricot

1.36

Strawberry

1.47

Sugar beet

2.50
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(1965) reported acetyl values from 0.2% in apple, citrus and cherry
pectins to 3.0 to 4.0% in peach, pear and sugar beet pectins.

2.6

Chemical properties of pectic substances
Aqueous solutions of pectins are acidic due to the presence of

free COOH groups (Neukam, 1967).

A 1.0% solution of a non-buffered

pectin may give a :pH value ranging from 2. 7 t_~cl3 ..0. However, most
commercial pectins are buffered by partial neutralization of the
COOH groups, so that the resulting pH of a 1.0% pectin solution will
fall between 3 to4 (Nelson et al., 1977).
Pectins are stable under mildly acidic conditions at normal
temperatures (Towle and Christensen, 1973).

When pectins are

subjected to stronger acidic and elevated temperature conditions,
the glycosidic bonds and the methyl and acetyl ester linkages are
prone to hydrolysis, yielding free GA units.
~s

If the acid-treatment

sufficiently severe, decarboxylation and rehydration reactions

produce carbon dioxide, furfural, reductic acid and other degradation
products (Deuel et al., 1953; Neukam, 1967).

However, under strong

acid and lower temperature conditions, the saponification of the
methyl and acetyl esters proceeds at a much faster rate than the
hydrolysis of the glycosidic bonds, and the nonuronide materials are
reduced concurrently (Nelson et al., 1977).

This principle has been

applied to the production of LM-pectins by demethylating HM-pectins in
acid at low temperature, thereby minimizing depolymerization of the
pectin molecules (Smit and Bryant, 1968).
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The methoxyl groups of pectic substances are saponified rapidly
by dilute alkali at room temperature (Baker, 1948).

Neukom and

Deuel (19S8) reported that some degradation of the polygalacturonic
acid chain also took place in dilute alkali, even at room temperature,
and the reaction was enhanced strongly by increasing the temperature.
Thecleavageof glycosidic bonds of pectic substances by alkali has
been found to occur by a trans-8-elimination reaction (Albersheim
et al., 1960; Neukom and Deuel, 19S8), as shown in Fig. 2.2.

In the

presence of alkali, an ionized COOH group at Carbon-6 is less able to
stabilize anionic character at carbon-S than is the methyl ester,
resulting in the removal of the hydrogen atom at carbon-S and of the
glycosidic residue at carbon-4 of the GA unit, giving an unsaturated
compound.

The depolymerization of pectic substances via a 8-elimination

reaction was also demonstrated by Albersheim et al. (1960) at neutral
pH by heating pectic substances in a buffer solution at pH 6-7. They
concluded that pectin solutions could not be stabilized at neutral
pH values without considerable degradation.

Because of this unique

chemical property, pectins are not desirable as thickening agents
in heat-processed foods which have little acidity (pH approaching

7).
Pectic substances undergo oxidative degradation with reagents
such as peroxide, periodate, permanganate, dichromate, free
halogens and ascorbic acid (Deuel, 1943).

Pigman and Rizvi (19S9)

stated that these oxidations are non-specific and some were
probably caused by radicals.

lj
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Figure 2.2

Cleavage of the glycosidic linkage of pectin via
8-elimination in the presence of alkali (Nelson et
al., 1977).
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2.7

Physical properties of pectic substances
The physical properties of pectins such as solubility, viscosity

and gel-forming ability depend on chemical characteristics such as
DE, distribution of COOH and methoxyl groups, acetyl content, MW,
and the presence and level of nonuronide materials._.. that may be part
of the pectin molecule (Nelson et al., 1977).

2.7.1

Solubility of pectin
Pectins are soluble in water and some organic solvents such

as formamidef ethylenediamine, dimethylsulfoxide, dimethylformamide
and warm glycerol, but water is the most suitable solvent (Deuel and
Stutz, 1958; Pilnik and Voragen, 1970).

Speiser et al. (1947)

reported that the solubility of pectin in water increased as the
length of the pectin molecule decreased,and decreased as the level
of COOH groups increased.

The solubility could be enhanced by

converting the free COOH groups to the soluble salt
,of monovalent cations).

form (salts

Nelson et al. (1977) stated that pectins

could be dissolved in water up to a concentration of 4% (w/w).
Ultimatel~viscosity

became the limiting factor for solubility.
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2.7.2

Dispersibility of pectin
Towle and Christensen (1973) stated that powdered pectins had

a tendency to hydrate rapidly upon contact with

water~

However, the

partially hydrated particles tended to stick together, resulting in
lumps consisting of semidry packets of pectin contained in an
envelope of highly hydrated pectin particles.

Dispe-rsibility

problems could be minimized. by mixing the pectin with sucrose prior
to the addition of water, but even then vigorous agitation was
necessary to dissolve the pectin completely

(Nelson et al., 1977;

Towle and Christensen, 1973). It had been, sugges.ted that

by

incorporation of sodium bicarbonate in dry pectin powders, the
effervescence resulting from the addition of water would serve to
agitate and dispexse the pectin particles throughout the medium.

In

the laboratory, pectins can be dissolved completely by wetting with
a small amount of alcohol, or by mixing vigorously in a Waring.
blender (Towle and Christensen, 1973).

2.7.3

Coagulability of pectin

Pectins are precipitated from aqueous solutions by addition
of water miscible solvents such as methanol, ethanol, isopropanol
and acetone (Deuel et al., 1953; Kertesz, 1951).

It was found that

the lower the DE, MW or concentration of pectins,·the greater the
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quantity of alcohol required for precipitation (Deuel et al., 1953).
The addition of small quantities of HCl, NaCl or CaC1

2

have been

reported to facilitate the precipitation of pectins by al·cohol
(Kertesz, 1951).

Unfortunately, some nonuronide substances were

coprecipitated with pectin by alcohol, and further purification with
acidified-alcohol was required to remove the nonuronide substances
(Kertesz, 1951).
Polyvalent cations such as Al

+++

-H--

, and Cu

have been found

to precipitate pectins from solutlon, and the coagulability of
pectins decreased with increasing DE and acetyl groups
1953; Kertesz, 1951).

(De~l

et al.,

The major disadvantage of using metal salts

for precipitation is the difficulty in removing them from the pectin
precipitates.
Pectic substances could also be precipitated from solution by
quaternary ammonium compounds (Scott, 1965), by water-soluble basic
polymers such as polyethyleneimine (Stutz and

De~uel,

1955), and by

proteins such as casein (Doesburg, 1965).

2.7.4

Viscosity of pectin solutions
Neukam (1967) reported that aqueous solutions of pectins (1-2%)

were highly viscous due to the linear chain-like structure of the
pectin molecule.

The viscosity was found to increase with increasing

MW, DE, acetyl content, and degree of neutralization, and with
decreasing flow rate (Deuel and Stutz, 1958).
MOnovalent and polyvalent cations were found to influence the
viscosity of a pectin solution (Towle and Christensen, 1973).

The
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addition of monovalent cations such as Na+ tended to reduce the
viscosity.

This effect was more pronounced with decreasing methoxyl

content and was apparently caused by suppression of charges on COOH
groups, thus allowing closer association of adjacent chains.

On

the

other hand, di- and trivalent cations such as Ca++ and Al+++ increased
the viscosity of pectin solutions which was attributed to a bridging
effect between COOH groups or other unknown factors.

2.7.5

Gelation properties of pectin
Speiser et al. (1946) described the gelation of a polymer

solution as being the transformation of a liquid solution that
is incapable of withstanding shear stress into a solid
which is rigid and elastic.

"solution"

This transformation occurs when the

polymer molecules possess the ability to form an extended three
dimensional network which is rigid enough to resist shear yet is
capable of incorporating a mobile solvent molecules into the
structure.
The importance of pectin to the food industry lies in the unique
ability of dilute pectin solutions to form thermoreversible gels in
the presence of a dehydrating agent at a pH at or near 3.0, or in

++ (Towle and Christensen, 1973).

the presence of Ca

The HM- and LM-

pectins vary substantially with respect to gelation mechanism and
gelation requirements and their gels are considered as two distinct
types.
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2.7.5.1

HM-pectin gels

The gel formation property of HM-pectin is a complex phenomenon
and the mechanism involved is not fully understood.

However, it was

believed that pectin dispersed in water existed as a negatively
charged hydrophilic colloid which was stabilized by the interaction
of the negative electrostatic field from the pectin with the more
positive water molecules (Doesburg, 1965; Hinton, 1939; Kertesz,
1951; Neukom, 1967; Towle and Christensen, 1973; Solms, 1960).
With the addition of sucrose, the stability was disrupted by the
dehydrating action of the sucrose which removed the_ protective layer
of water molecules from the surface of the pectin molecules.

This

allowed greater association between pectin chains, resulting in a
complex network of polysaccharide molecules, parts of which were
associated through hydrogen bonding between pectin

molecules.

Other forces were also involved in the formation of these "junction
zones".

The formation of a thermoreversible gel resulted from the

innnobilization of water and solute molecules by this pectin
network.

Speiser and Eddy (1946) suggested that sucrose interacted

with pectin and water through hydrogen bonding as well.

However,

Rees (1970) considered the main function of sucrose to be control of
water activity.
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Pippen (1950) reported that acetyl groups in pectin had a marked
effect on gel forming ability, probably by disturbing the formation
of the "junction zones".

It was shown that gels made with pectin

containing 5.0% acetyl content did not set, whereas samples
containing 3.-5. to4.0%acetyl gave weak gels.

Gelling powder was

restored at levels of acetyl groups near 2.4%.
The lowest sucrose concentration needed for gel formation was
approximately 50%, but best results were obtained at concentrations
over 60% (Nelson et al., 1977).

The acidity of the sucrose-pectin

solution required adjustment with buffer to approximately pH 3.0 in
order to provide a level of unionized COOH groups sufficient for gel
formation.

McCready (1970) reported that at pH§

above 3.5, 40% or

more of the COOH groups of the pectin were ionized, and the electrostatic repulsion between the negatively charged groups was too great
for gel formation.

When the pH was reduced to below 3.5, the pectin

molecules tended to associate more clo·sely, resulting in hydrogen
bonding between the unionized COOH and OH groups.

The acid require-

ment of HM-pectins varied, depending upon the DE content (Nelson
et al., 1977).

With the addition of sucrose, pectins with a DE of

70% or higher formed satisfactory gels at, pi.t3.0 to 3.4 and temperatures
near boiling.
at pH 2.. 8 to

At DE levels of 50-to-70%, pectin would form firm gels

2.2~andlower

temperatures.

Pectins with DE over 85%

could form gels without addition of acid if sucrose was present.
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Smit and Bryant (1968) reported that the setting time of HMpectin gels was also dependent on the DE contents of the pectins.
It was found that setting time increased as the DE decreased until
an ester content of 50% was reached.
decreased markedly.

Below 50%

DE~

setting time

Setting time was also increased by higher

sucrose and acid concentrations (Pilnik and Voragen, 1970).

2.7.5.2

LM-pectin gels

LM-pectins~

in contrast to

HM-pectins~

do not require sucrose

for gel formation, and are also less sensitive to pH.

On the other

hand, they are sensitive to divalent metallic cations such as Ca++
(Anonymous, 1953).
Baker (1948) described the structure of LM-pectin gels as
lattice-like with cross-linkages through polyvalent ions.

Harvey

(1960) stated that the formation of LM-pectin gels involved the
cross-linking

of neighbouring macromolecules which formed a

continuous network of high mechanical stability.

The type of cross-

link depended on the chemical characteristics of groups suitably
spaced along the chains, as well as on the environment.

The cross-

links could involve hydrogen bonding, electrovalent attraction
between ionized COOH groups and a bridging cation, and possibly
covalent bonding.

++
However, Rees (1970) did not agree that Ca

bridging between COOH groups or chelation of Ca++ could contribute
sufficiently to gel stability.

He suggested that LM-pectin gels
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were formed by a mechanism that involved accumulation of three+r

dimensional stacked zones dominated by uronic acid anions and Ca

,

and with less contribution from unionized uronic acid and uronic
amide (Rees, 1972).

Speiser and Eddy (1947) reported that'LM-pectin

gels were more brittle and less elastic than HM-pectin gels.

The

cross-linkage formed by ionic bonds between the COOH groups in LMpectin gels were apparently stronger than the hydrogen bonding
involved in HM-pectin gels.
Owens et al. (1949) reported that the Ca++ requirement in the
formation of LM-pectin gels depended upon the DE level.

As the DE

level of a given pectin was decreased, the amount of Ca++ required
to produce a gel of given firmness also decreased.

Doesburg (1965)

stated that the Ca++ requirement for LM-pectin gels also varied with
the method of deesterification used to produce the gel-forming pectin.
He reported optimum Ca++ concentrations, expressed as mg Ca++/g
pectin, of 4 to 10 for enzymatically prepared pectins, 15 to 30 for pectins
produced by the NH40H process, and 30-60 for acid-deesterified
pectins.

Hamm (1963) reported that excess Ca++ could destroy the

gel by increasing the cross-linkage to such an extent that Ca++
pectinate was precipitated.

Joseph et al. (1949) pointed out that

the manner in which Ca++ was added to the gel was important.

The

ideal method was to dissolve the pectin in the absence of Ca++ to
enhance solubility, and then to add the Ca++ solution.

It was also

found that the addition of small amounts of monovalent cations such
+
as Na could improve the solubility of LM-pectin in the presence of

++ , resulting in.a more uniform gel (Glicksman, 1969).

Ca
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LM-pectins formed gels without sucrose, but
relatively small amounts (10-20%) were found to impart desirable
textural properties to the resulting gels (Glicksman, 1969).

How-

ever, high concentrations of sucrose (60% or higher) were found to
interfere with gel formation since the dehydrating effect of sucrose
favored hydrogen bonding and decreased cross-linking by ordinary
valence forces.
According to Owens et al. (1949), LM-pectins formed gels over
a broader and higher pH range than HM-pectins which had a limiting
pH near 3.5.

The higher pH requirement for LM-pectins was due to the

fact that only ionized COOH groups were involved in the salt-like
cross-linking of the pectin (Hamm, 1963).

Since LM-pectins are less

sensitive to pH, they are quite suitable for use in gelled products
within the pH range of 2.5 to·6.5 (Anonymous, 1947).

Therefore, LM-

pectins would be used in fruit gels at low pH values or in gelled
milk products at higher pH values (Nelson et al., 1977).
Hills et al. (1949) reported that the characteristics of LMpectin gels were not influenced by MW to the same extent as were
those of HM-pectin gels.

However, a high degree of polymerization

was thought to be important in giving a smooth
pectin gels (Wiles and Smit, 1971).
that gel strength

·textureto·i.M~

Black and Smit (1972a) reported

decreased with longer cooking time during gel

preparation and cooking was thought to cause an increase in
depolymerization.

LM-pectin gels were more prone to syneresis during

storage than were HM-pectin gels, since the former melt at lower
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temperatures.

In addition, the rigidity of LM-pectin gels declined

as the temperature increased, whereas HM-pectin gels showed no
significant change until a temperature of about 50°C was reached
(Owens et al., 1949). Black and Smit (1972a) also showed a linear
relationship between temperature and both breaking pressure (BP)
and sag.
According to Kertesz (1951), the strength of LM-pectin gels
depended both on the extent of esterification and the distribution
of methoxyl groups on the pectin chain.

It was shown that acid-

demethylated pectins produced a stronger gel than enzyme-demethylated
pectins with similar DE contents.

The difference in gel strength

was attributed to difference in the distribution of methoxyl groups
between the two types of LM-pectins.

Acid-demethylated pectins had

a random distribution of methoxyl groups whereas the enzyme-demethylated pectins had a
and

COOH

non-uniform distribution of methoxyl groups

groups (Hills et al., 1949; Speiser and Eddy, 1946).

Heri (1962) demonstrated that the patterns of distribution of
methoxyl groups in acid- and alkali-dimethylated pectins were
similar, but different from those of enzyme-demethylated pectins.
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2.7.5.3

Sunflower pectin gels

Sosulski et al. (1978) studied the gelation characteristics of
acid-precipitated pectins from sunflower heads and a commercial
LM-citrus pectin prepared by the NH 0H-demethylation process.
4
was found that sunflower pectins formed soft gels

~t

It

low sucrose

(20%) and Ca++ concentrations (20 mg/g pectin), while firmer gels
were associated with higher sucrose (30 to40%) and Ca++ concentrations
(25-30 mg/g pectin) (Fig. 2.3 and 2.4).

As the Ca++ concentration

was increased to 35 mg/g pectin, the gels collapsed above pH 3.0.
This was attributed to a l&ck of uniformity in the Ca++-pectin
dispersion and extreme

pregelatio~both

uniformity in the gel (Fig. 2.4).

of which resulted in non-

In general, sunflower pectins

formed strong and coherent gels with 30 to40% sucrose, 25 to 30 mg Ca++I g
pectin, cm.d at pH 2.9 to 3.3 and pH 4.3 to 4.5. The citrus pectin was
found. to be more pH sensitive than sunflower pectin (Fig. 2.3 and
2.4).

At pH 2.5 and below, citrus pectin gels at all sucrose

concentrations and at all Ca++ concentrations tended to break and
collapse.

This was probably due to the partial precipitation of

++
citrus pectin, thus providing insufficient COOH groups for Ca
to

form the framework of the gels. Citrus pectin was not sensitive to
++ ..
the concentration of Ca 20. to25 mg/ g pectin) at pH 2.6 tp 3~ 2.· However,
-1+

above this pH range, Ca

sensitivity became more severe and citr

pectin showed no sign of regaining the gel strength at pHs greater
than 4, as was found for

sunflower pectin (Fig. 2.4.).
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Figure 2.3

Influence of pH on the gel power of gels mad4with
three concentrations of sucrose where the Ca
was
constant at 25 mg/ g pectin. Numbers in the figure refer
to sucrose content (%). Broken lines on curves indicate
where broken and collapsed gels occurred (Sosulski et
al., 1978).
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I~fluence of_p~ on the gel power of gels made with
30% sucrose and four ca++ concentrations. Number on
curves refer to ratio of ca++ to pectin in mg/g. Broken
lines on curves indicate where broken or collapsed gels
occurred (Sosulski et al., 1978).
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Kim et al. (1978c) described the effect of the above conditions
during gel-making on the gelation characteristics of sunflower
pectins extracted from a 1:1 (w/w) mixture of heads and stalks.

As

the pH of the sunflower pectin gel was increased above 3.0 under
fixed concentrations of pectin, sucrose and Ca++ , the sag values
increased, reaching maximum weakness at pH 3.8 (Fig. 2.5).

This was

followed by a rapid increase in firmness that peaked a.t pH 4. 3.

On

the other hand, the BP of the gel, expressed in g/cm2 , showed little
change between pH 3.0 and 3.8.

A sharp increase occurred after pH

3.8, reaching maximum strength at pH 4.3.

At pH 4.3, the solubility

of pectin and the susceptibility of pregelation and brittleness of
the gel

were greatly improved.

++
The effect of varying concentrations of Ca
on the sag and BP
of gels made with constant pectin (1.0%) and sucrose (30%)
concentrations at pH 4.0 and 4.3 are shown in Fig. 2.6 (Kim et al.,
1978"c).

The gels prepared at pH 4.3 were firmer and stronger than

those prepared at pH 4.0.

As the concentration of Ca++ increased

from !Sto 30mg, the degree of sag of both gels (pH 4.0, 4.3) decreased
linearly up to the 25 mg level.

BP also increased with increasing

.
b ut t h e increase was s h arper at pH43
Ca ++ concentrat1on,
• t h an at
pH 4.0, reaching a maximum of 100 g/cm 2 at25to 30mg Ca++ concentration.
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Figure 2.5

The effect of pH on the degree of sag and breaking pressure
(BP) of sunflower pectin gels containing 25 mg of ca++/g
pectin, 1.0% pectin and 30% sucrose (Kim et al., 1978C).
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The effect of Ca++ concentration on degree of sag
and breaking pressure (BP) of sunflower pectin gels
containing--1.-0%- pectin, and 30% sucrose at pH 4.0
and 4.3 (Kim et al., 1978C).

32

However, an increase in pregelation and brittleness was observed as
the Ca++ concentration was raised above the 25 mg level.

The extreme

sensitivity of sunflower pectins to pH and Ca++ was attributed to
the high proportion of free COOH groups (69.1%) and to a possibly
nonrandom distribution of methoxyl and COOH groups on the pectin
chain.

2.8

Pectin manufacture
The manufacture of pectin is an expensive and complicated process

(Nelson et al., 1977).

Thus the pectin industry must develop

manufacturing conditions that yield the maximum amount of pectin at
the lowest cost.

Even when raw material was readily available, no

attempt was made to extract all the pectin or to prepare pectin with
the maximum gel-forming capacity as this would add to production
costs.

Therefore, manufacturing conditions vary among manufacturers,

depending on the types of raw materials used and the final
applications of the pectins.

In the United States, the major sources

of pectin are fresh citrus peel and apple pomace (Nelson et al.,
1977; Neukam, 1967).

2.8.1

HM-pectin
The manufacturing process principally involves preparation of

raw material, extraction, filtration, precipitation, purification,
drying and standardization (Agriculture Research Service, 1962;
Nelson et al., 1977).
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The general steps involved in the production of HM-pectin from
citrus peel and apple pomace are shown in Fig. 2.7 (Nelson et al.,
1977; Towle and Christensen, 1973).

A heat treatment to inactivate

enzymes, plus comminution and washing to remove glycerides and
sugars, usually precedes the extraction step.

Pectin extraction can

be carried out with acid at a pH of approximately 2.0, at temperatures
near boiling for 45-60 min, or at lower temperatures for longer
times.

A variety of acids may be used such as HN0 , H2so4, H2so 3 or HCl.
3

Extraction is followed by pressing and filtration (Nelson et al.,
1977).
In the case of pectin from apple pomace, the starch, dextrins
and protein in the pectin extract have to be removed by the addition
of clarifying enzymes (Neukon, 1967).

This was usually done by

cooling the pectin extract to around 38°C, adding the enzymes, and
inactivating the enzymes at about 85°C after the reaction was completed.
The clear filtrate may be concentrated :by vacuum filtration, buffered and
preserved with so 2 , and sold as liquid-pectin or dried by roller or
spray drying and sold as powdered pectin (Fig. 2.7).
The pectin extract can be precipitated either by the addition
of alcohol (ethanol, isobutanol or isoproponal), or coprecipitated
with Al(OH)x using Alcl

3

and alkali (Fig. 2.7).

The Al+++ is

removed by washing with acidified alcohol and pressing.
The purification steps involve washing with alcohol, pressingand
sometimes buffering with alkali to neutralize the residual mineral acids
(Nelson et al., 1977).

The dried and ground pectin is evaluated
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(Nelson et al., 1977; Towel and
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_ for its jelly grade and then blended with sugar to give a standard
jelly grade before packing.
The manufacturing process can be varied to produce pectins
with desirable gelling properties for specific applications.

For

instance, a rapid-set pectin is produced by ·avoiding excess
exposure to high temperature and acid conditions in the isolation
process (Nelson et al., 1977).

A slow-set pectin can be prepared by

suspending the pectin precipitates in acidified-alcohol under
controlled temperature for a period of time prior to purification
(Fig. 2.7).

Processors can also adjust the setting time of the

finished product to some extent by mixing individual lots or by
incorporation of certain buffering salts to suit certain specific
applications (Towle and Christensen, 1973).

2.8.2

LM-pectin
LM-pectins are prepared commercially by partial deesterification

of HM-pectin, as obtained from citrus waste and apple pomace (Kertesz,
1951).
pectins

The four methods that are used for the manufacture of LMare 1) acid treatment at low temperature for a long time

interval, 2) aqueous alkali treatment, 3) enzymatic treatment with
pectin methylesterase, and4) NH 0H treatment in alcohol (Glicksman,
4
1969).

Partial deesterification can be achieved prior to

extraction, during extraction or after the isolation of HM-pectin
(Kertesz, 1951).
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2.8.2.1

Partial deesterification prior to extraction of pectin

Partial deesterification can be accomplished prior to pectin
extraction by the use of alkali in the water phase using an.. alkali in
a solvent which will not hydrate or dissolve the pectic substances, by
treatment with a gas or gaseous mixture which performs the same
function as alkali, or by the use of pectin methylesterase naturally
present in the raw material, such as in citrus peel (Kertesz, 1951).
However, the application of these methods has been limited because
of the difficulties in controlling the final DE content.

The

heterogeneity of the DE content of the demethylated pectin has given
unpredictable gelling properties.

2.8.2.2

Partial deesterification during extraction

This demethylation procedure is basically an extension of the
acid-extraction step.

The method involves mixing the raw material

with HCl at a pH of_Q •.O?'to 0.25 (Kertesz, 1951).

The mixture is held at

0

40 to 50 C for approximately 36 hr or until the desired DE is reached.
The pH of the mixture is then adjusted to.3;..:0 to 4.5 prior to the
recovery of a pectin extract by filtration or pressing.

This

principle was used extensively in the modification of HM-pectin to
slow-set pectin long before the concept of LM-pectin was clearly
understood.
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2.8.2.3

Deesterification of isolated pectins

Deesterification is usually carried out after the extraction
stage, either on the pectin extract or on the pectin precipitates,
and can be carried out as late as the drying and milling stages
(Kertesz, 1951; Towle and Christensen, 1973).

2.8.2.3.1

Deesterification with acid

Usually the pectin extract is demethylated with acid at
temperatures below 50°C, and at acidities in the range of pH 0.1 to
0. 5, for 16 to 24 hr (Kertesz, 1951).

By controlling the temperature

carefully, depolymerization of the pectin molecules.can be minimized.
In addition to demethylation, acid deesterification also hydrolyzes
the nonuronide substances that are admixed with the pectic
substances, resulting in a higher GA content in the finished product.
The main disadvantage of ac.id demethylation is the slowness of the
reaction (Speiser et al., 1945).

It was reported that at pH 0.3,

the deesterification proceeded at less than 0.01 of the rate of
alkaline saponification at pH 11.0

at the same temperature.

Despite the long reaction time, acid demethylation is still
preferred by manufacturers because of the retention of MW (Nelson et
al., 1977).
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2.8.2.3.2 ·neesterificatiort ·m.th··a.rkali

Deesterification with alkali (pH 10-11) is usually carried out
n tne pectin extract 0. to 2% concentration) (Graham and Shepherd,
1953; Owens et al., 1949}.

After the desirable DE has been reached,

the extract is acidified to approxima-tely pH 1. 2, thus stopping the
deesterification as well as precipitating the pectin from solution.
It has been reported that deesterification with alkali has the
advantages of rapid rate of reaction, ease of process control and
low chemical and equipment costs as compared to acid deesterification
(McCready et al., 1944}.

However, the major drawback was the rapid

depolymerization of pectin molecules via the
accompanied by saponification.

~-elimination

reaction,

The resulting low MW pectin formed

gels with poor textural quality and which were prone to syneresis.
It has been suggested by several authors that the use of low
temperature (5 to.13°C) as well as high alkali concentration (pH '10 to 11) ,
will produce a satisfactory LM-pectin (Graham and Shepherd, 1953;
Joseph et al., 1949; McCready et al., 1944; Owens et al., 1949).
Either NaOH or NH 0H. can be used for deesterification but NaOH
4
proceeds at a faster rate (McCready et al., 1944).

When NH 0H is
4

used, the NH Cl formed during acidification of the pectin extract
4
is much more soluble than NaCl in the alcohol-water mixture used in
purification (Kertesz, 1951).

Therefore, a low ash pectin can be

prepared without extensive purification.
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2.8.2.3.3

Deesterification with enzymes

Demethylation with enzymes

can

be carried out prior to the

extraction stage by using pectin methylesterase naturally present
in citrus peel and apple pomace.

However, due to variations in the

level of pectin methylesterase in the raw materials, the resulting
products tend to have unpredictable properties (Kertesz, 1951).
Enzyme deesterification is

usually carried out in the pectin

extract by adding isolated pectin methylesterase from tomato or
other sources (Hills et al., 1949).

Conditions employed in
0

deesterification included temperatures in the range of 30 to 40 C, a
pH near 6.5 and a reaction time of approximately 1 hr.
desired DE level is

obtained, the enzymes are

acidifying and heating, and the pectin is

When the

inactivated by

precipitated, purified

and dried.
Enzyme deesterification has a rapid rate of reaction and
requires milder reaction conditions than the acid and alkali methods
(Hills et al., 1949) • .The major advantage of this method is that
no depolymerization occurrs
is

during demethylation and the reaction

controlled easi1y by acidifying and heating to inactivate the

enzymes.·

However, Speiser and Eddy (1946) reported that enzyme-

demethylated pectin was inferior in gel quality as compared to
acid-demethylated pectin with similar DE contents and MW.

They

attributed the poor gel quality to nonrandom demethylation in
which one end of the molecule was completely deesterified while the
rest of the molecule remained unaltered.

On the other hand, acid
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and alkali removed the methoxyl groups in a random fashion along the
chain. Pectin that has a nonrandom distribution of methoxyl groups is
more sensitive to Ca++ and exhibits pregelation, resulting in weaker
gels due to uneven Ca++ bridging. The inferiority of enzyme-demethylated
pectins could also be related to their higher nonuronide content since
very little is removed as compared to acid and alkali procedures.
Enzyme-demethylated pectins also had the highest Ca++ sensitivity as
compared with other types of LM-pectins, again a result of the nonrandon distribution of methoxyl groups.
More recently, a pectinesterase was isolated from ASpergiZZte

japoniaue which was able to convert HM-pectin into LM-pectin capable
of forming strong gels with Ca++ (Ishii et al., 1969). The enzymedemethylated pectin was homogeneous with respect to methoxyl groups
as indicated by the DEAE-cellulose column chromatography.

It was

suggested that this enzyme removed methoxyl groups in a random
fashion, similar to acid and alkali deesterification.
2.8.2.3.4

Deesterification with NH 0H in alcohol
4

Deesterification of pectin with }TH 0H in alcohol is generally
4
carried out on pectin precipitates or on isolated, dried pectins
(Kertesz, 1951). The reaction conditions require temperatures
0

below 15 C to minimize depolymerization, concentrations of NH 0H
4
in alcohol from 1 to2 N, and reaction times of 45 min or longer
depending on the extent of demethylation required (Wiles and Smit,
1971).

After the desirable DE is reached, the mixture is

acidified, purified and dried. It was reported that the rate of
NH 40H in alcohol demethulation was similar to the rate of alkaline
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demethylation{a!ack and Smit, 1972b; McCready et al., 1944).
The LM-pectin produced by this deesterification procedure was
quite different with respect to chemical composition from those
obtained through acid, alkali or enzyme deesterification (Joseph et
al., 1949).

It also contained AA groups and COOH groups in

ammonium salt form.

The viscosity and Ca++ sensitivity of NH 0H
4

saponified pectin were intermediate between those of enzyme and acid
types.

Wiles and Smit (1971) reported using an NH 0H-in· alcohol
4
deesterification technique in conjunction with an acid deesterification
method to produce a LM-pectin capable of forming gels which had
strong resistance to breakage and reduced sensitivity to Ca++ •
The NH 0H-alcohol or aqueous NH 0H demethylation technique
4
4
has also been used to modify the setting time of HM-pectin
(Ehrlich and Cox, 1977).

The resulting slow-set pectin had a

setting temperature of 43°C as compared to 54 -to)6cfc for slow-set
pectins produced by other methods, a setting time

of about 10 min

as compared to 4.5 min for other products, and a much improved
tolerance to Ca++.
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2.8.3

Extraction of sunflower pectin
Since Colin and Lemoyne (1940) first reported the presence of

pectin-related substances in sunflower, a number of studies have
been conducted on the development of a practical method to extract
pectin from sunflower heads (Bishop, 1955; Filippov and Vlasyeva,
1972; Lin et al., 1976; 1978; Riaz and Uddin, 1972; Sabi:r et al.,
1975, 1976; Shewfelt and Worthington, 1953).

It was found that

pectin from sunflower heads could not be extracted completely by
employing methods that are commonly used in citrus and apple pectin
production due to the physical and chemical association of
naturally LM sunflower pectin with other head components.

As a

result, alternate procedures have been devised for the extraction
of pectin from sunflower heads.
Shewfelt and Worthington (1953) demonstrated that ammonium
oxalate-oxalic acid was superior to HCl or sodium polyphosphate in
the extraction of pectin from sunflower heads.
of the pectin was also better with this

system~

The gelling quality
Other

res~archers

were also successful in using hot dilute solutions of ammonium
oxalate-oxalic acid (Bishop, 1955; Lin et al., 1975; 1976; Riaz and
Uddin, 1972; Sabir et al., 1975; 1976).

However, ammonium oxalate-

oxalic acid formed Ca++ oxalate in the isolated pectin and the
complex could only be removed by extensive washing with acidified
alcohol at low pH.

The acid washings would have adverse effects

on the pectin quality. The major concern with using ammonium
oxalate-oxalic acid was that the oxalate residues in the final
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products may be objectional from a nutritional standpoint.
Filippov and Vlasyeva (1972) developed an extraction system
based on sequential extraction with.water1 HCl, sodium acetate artd
NaOH.

Hewever, the procedure was laborious and time consuming, and

the pectins obtained were of low quality.
Lin et al. (1976) studied the effectiveness of HCl, H2 so4 ,
oxalate mixtures and sodium hexametaphosphate (SHMP) for extracting
pectin from sunflower heads.

It was found that oxalate mixtures

and SHMP were the most effective sequestrant:s:. for extracting
sunflower pectin.
~emoved

The residual sequestrants

could be largely

by precipitating the pectin with acidified alcohol at .a

pH less than 1.0, followed by acidic alcohol washing and mechanical
pressing.

Lin et al. (1976) pointed out that it was essential to

conduct a preliminary washing with water (70 to 75°C) to eliminate
such substances as low MW carbohydrates, organic acids, pigments
and minerals, and to stop possible enzymatic activity which might
interfere with the extraction process and lower the quality of the
finished product.
In an attempt to conserve alcohol in the isolation of pectin
from sunflower heads, the effectiveness of using concentrated
acidic ethanol (55%), dilute acidic ethanol (25%) or acid alone
in the precipitation of pectins from aqueous solution were-investigated
(Lin et al., 1978).

The major steps involved in these three

isolation procedures are shown in Fig. 2.8.

It was found that the

acid procedure required only 7.3% of the ethanol employed in the
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Figure 2.8

Extraction and purification of sunflower head pectins
by acidulated ethanol (55%, 25%) and acid precipitation

procedures (Lin et al., 1978).
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55% ethanol precipitation method; while the pectin yield was 77%
of the 55% ethanol process.

But in terms of "jelly unit yield"~\ the

acid method was about 90% as efficient as the 55% ethanol procedure,
due to the higher gel power of the acid precipitated pectin.

The

25% ethanol procedure offered no distinct advantage over the acid
method.

2.9

Uses of pectin
HM-pectins are used principally in the manufacture of jams, jellies,

marmalades, fruit butters and jellied candies (Neukom, 1967).

It was

estimated that 80 to 90%_of the pectin produced commercially· was used for
these applications.

Other food applications of HM-pectins have been

detailed (Glicksman, 1969; Joseph, 1953; Towle and Christensen,

1973)~

but widespread application of HM-pectin has been limited by competitio
with less expensive water-soluble gums.
Only a small amount of LM-pectin was used in food products as
compared to HM-pectin (Glicksman, 1969).

However, its unique

functional properties make it useful in a wide range of minor products.
The major application of LM-pectin was in the preparation of low-sugar
or sugar-free jams, jellies, dietetic dessert and pudding mixes for
calorie-conscious persons and diabetics (Glicksman, 1969).

LM-pectin

has been used effectively in canned, gelled apple sauce which resembled
cranberry sauce (Lazar and Morgan, 1964).

The gel remained firm

without melting at temperatures up to 49°C and could be served on a
a

jelly unit yield

=

pectin yield x gel 2ower
100
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hot plate with other foods without spreading.

LM-pectin has also

been used in the manufacture of tomato aspic (Anonymous, 196lb).
HM-pectin could not be used in this application because the pH range
of toma-to aspic was 3.5

to

3. 7, just above the levels suitable for HM-

pectin. LM-pectin was found to exhibit more stability than many other
hydrocolloids under some freeze-thaw-heat conditions (Glicksman,
1969).

It was reported that by incorporating small amounts of LM-

pectin into the syrup of frozen berries, the shape of the fruits and
drainage loss during thawing were improved considerably (Joseph, 1953;
Wegener et al., 1951).

LM-pectin has also been shown to improve the

stability, viscosity and palatability of frozen gravy products
(Walters and Hood, 1964).

It can be used as a thickening and

stabilizing agent in fruit toppings for ice cream sundaes (Anonymous,
196lc) and in preparing fruit compositions for use in variegated ice
cream (Anonymous, 196la).
It was reported that the stabilities of starches in fruit pie
fillings against hydrolysis by fruit acids during heating were
improved considerably by adding blends of LM-pectin and locust
bean gum in a ratio of 2:1.

The resulting product also had superior

color and gloss, which was not achievable by using either starch or
pectin alone (Anonymous, 196ld).

Youmans (1948) stated that LM-

pectins compared favorably with gelatin and starch as a thickening
agent in tomato juice and grape juice.

LM-pectin, in combination

with Ca++ salts, has been proposed for use as a protective film for
coating many foods, including packaged meats and casings for hams
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and sausages (Schultz et al., 1948), and for shelled almonds,
candied dried fruit and soft dates (Swenson et al., 1953).
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3.

3.1

MATERIALS AND METHODS

Sunflower materials
In the first phase of,this study, mature heads and stalks of

Peredovik and

Krasno~arets

field plots in 1976.

sunflowers were harvested from Saskatoon

The seeds were removed by a threshing machine.

After drying at room temperature and subsequently in a forced air
oven at 70°C to approximately 10% moisture, the samples were ground
to 60 mesh (Tyler) in a hammer mill and blended into samples of
heads only and a 1:1 (w/w) mixture of heads and stalks for pectin
extraction.

Due· to the poor gelling quality of sunflower stalk-

pectins (Lin et al., 1975; Sabir et al., 1976), the stalk-pectin
was not investigated separately.
In the second part of this project, mature 1977 Peredovik and
Krasnodarets sunflowers were harvested from Saskatoon field plots.
Only heads with 2-5 em of stalk were collected.

After the removal

of seeds, the samples were dried in a forced air oven at 70°C to
approximately 10% moisture, and ground to 60 mesh (Tyler) in a
hammer mill and blended into a homogeneous bulk sample.

3.2

Extraction of pectins from sunflower head (1976) and head-stalk

(19 76) mixtures
In general, the extraction procedure proposed by Lin et al.

(1978) was followed with some modifications.

One kilogram of either

sunflower heads or head-stalk mixture was washed by stirring with
hot water (75°C; 15 min) at a solids:water ratio of 1:25 to remove
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water-soluble pectins, other carbohydrates and pigments.

The water

was removed by vacuum filtration through double layers of cheesecloth
in a Buchner funnel. The supernatant was discarded and the residue
used for extraction of water-insoluble pectins. The water-insoluble
0

pectins were extracted from the residue with SHMP (0.75%; 75 C; 1 hr)
at a solids: liquid ratio of 1:20 with mechanical agitation.

The pH

of the slurry was adjusted to 3.5 with 6.0 N HCl and the SHMP-soluble
pectins separated from the residue by vacuum filtration through double
layers of cheesecloth on a Buchner funnel. The filtrate was cooled
to 20°C in a refrigerator prior to precipitation with precooled
(4°C) 1.0 N HCl at a 1:4 ratio of acid to extract. The mixture was
stirred slowly (15 min), stored at 40 C for 1 hr., and then filtered
through cheesecloth to remove the liquid. The precipitates (soft
pectin gels) were put in a cloth bag and pressed in a laboratory
hydraulic press at 25-30 kg/cm 2 to approximately 5% solids contents.
The pressed pectin gels were resuspended in 2L of 0.25 N HCl to remove
the sequestrant and again filtered and pressed. Finally, the pectin
gels were resuspended in 0.25 N HCl, washed consequently with 60%
and 95% ethanol and then pressed prior to freeze-drying.

3.3

Modification of sunflower head (1976) and head-stalk (1976)
pectins by demethylation with

NH~

Prior to the NH 0H demethylation, the freeze-dried head and head4
stalk pectins were ground to pass a 60-mesh (Tyler) screen and 50 g
samples rehydrated (16 hr) in a series of ethanol solutions (0-60%)
at 4°C as shown in Table 3.1.

The 0% ethanol treatment formed a
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Table 3.1

Conditions used for rehydration and demethylation of
pectins from sunflower head (H-series) and head-stalk
mixtures (M-series)

Rehydration
Conditions (16 hr; 4°C)

Demethylation conditions
Pectin

(%)

Normality
of NH?.OH
in ethanol

(%)

Temp
(oC)

Time
(min)

2.0

30

2.5

1.0

12

23

H-2

2.6

50

2.5

1.3

12

18

H-3

2.6

50

2.5

1.3

12

20

H-4.

2.6

50

2.5

1.3

12

22

H-5

2.6

50

2.5

1.3

12

26

H-6

2.6

50

2.5

1.3

12

30

M-1

3.2

0

3.0

1.6

12

20

M-2

3.2

12

2.5

1.6

12

22

M-3

10.0

60

3.5

5.0

4

25

M-4

10.0

60

3.5

5.0

4

50

M-5

10.0

60

3.8

5.0

4

34

M-6

10.0

60

4.3

5;0

4

65

Sample
Series

a

Pectin

Ethanol

(%)

H-1

a H-1 - H-6 = modified head pectins; M-1 - M-6 = modified head-stalk
pee tins (1: 1; w/w) •
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viscous aqueous solution, whereas the higher proportions of ethanol
resulted in decreasing particle swelling and viscosity development.
The demethylation step involved adjusting the solution or mixture
to either 4 or 12°C, and mixing with specific concentrations of NH 0H
4
and ethanol to give the ethanol, NH 0H and pectin concentrations
4
shown in Table 3.1.

Note that the same ethanol concentrations were

used for both reaction and rehydration, whereas the pectin
concentrations for reaction were one-half those used for rehydration.
Demethylation was halted by acidifying the suspensions (approximately
pH 12) to pH 4.0 with 6.0 N HCl.

The pectins from those treatments

which involved less than 50% ethanol during demethylation were
precipitated with an equal volume of 95% ethan61.

The pectin

precipitates were washed several times with 60% ethanol until free of
Cl- (1. 0% AgN0

3

test) followed by final washings with 95%- e_thanol and

acetone, before drying in a vacuum oven at 60°C for 16 hr.

The

dried pectins were ground to pass a 60-mesh (Tyler) screen.

3.4

Extraction of pectins from sunflower heads (1977)
One kilogram of ground sunflower heads was used for batch

extraction. The hot water pretreatment process used to remove
undesirable components prior to the extraction of pectins was essentially
the same as was used in the first phase of this study (section 3.2),
except that the solid:water ratio was increased from 1:25 to 1:18
(Fig. 3.1).

The extraction of pectins after pretreatment was the

same as outlined in section 3.2 except that the solids: liquid ratio
was increased from 1:20 to 1:18 in order to obtain a more concentrated
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Figure 3.1 Flow diagram of procedure for extraction of pectins
from sunflower heads (1977).
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53

pectin extract which would give firmer gels after acid precipitation
(Fig. 3.1).
A pressing system was constructed to press liquid from the pectin
precipitates during the purification step. It consisted of a Carver
press (Model-e, F.S. Carver, Inc., Menomonee Falls, Wis.) and a
cylinder with a false bottom and fitted with a piston (Fig. 3.2).
The soft pectin gels were compressed within the cylinder by the
piston at a pressure of approximately 70 kg/cm 2 •
emerged from the bottom of the

cylind~r

The free liquid

through a thick canvas filter

supported on a porous stone plate.
The precipitation of pectins from the extract was accomplished
as described in section 3.2.

After precipitation, the soft pectin

gels were placed in the cylinder and pressed at 70 kg/cm
more liquid emerged.

2

until no

The cylinder was then disassembled and the

pressed gels washed with 2L of 0.25 N HCl - 60% isopropanol to reduce
the ash content.

This mixture was filtered through two layers of

cheesecloth and the pectin gels, now much firmer due to the dehydration
effect of the alcohol, were pressed to a solids content of 5-6% with
the cylinder press. After the second pressing, the pectin gels were
washed with 1.5L of 60% isopropanol for 15 min, filtered and pressed.
The washed pectins were then dispersed in 1.5 L of isopropanol and
adjusted with 5.6% NH 0H - 60% isopropanol to pH 5.5. After pH adjust4
ment, the pectins were filtered, pressed and dried in a vacuum oven
at 60°C for 16 hr. The dried pectins were ground to pass through a
60-mesh (Tyler) screen.
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Figure 3.2

Cylinder press .
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3.5

~OH

demethylation of sunflower head (1977) pectins during

isolation
The NH 0H demethylation step was introduced at either of two
4
stages in the pectin isolation procedure, namely the pectin extract
or after the third mechanical pressing (Fig. 3.1).; to determine if
either treatment might be a useful alternative to demethylation of
rehydrated pectin powders.

3.5.1 Demethylation of pectin extracts with concentrated NH 0H
4
Pectins were extracted from 1.0 kg of sunflower heads as described
in section 3.4.

The pectin extracts thus obtained were distributed

equally among eight 2L beakers (1500 m1 each) and cooled to 4°C. Each
pectin extract (0.8% pectin) was demethylated with 55 ml of NH 40H
(28-29% NH ) at pH 10.8 for a_specific treatment time, which ranged
3
from 20-160 min.

After the desired treatment time was attained, the

extract was acidified to pH 3.5.

The pectin was precipitated from

solution by mixing with precooled 1.0 N HCl at an acid: extract ratio
of 1:4.

The soft pectin gels were then purified as described in

section 3.4.

3.5.2

Demethylation of soft pectin gels with NH 0H
4
After the pectin gels were washed with 60% isopropanol and pressed

to a solids content of 5-6% using the cylinder press (section 3.4),
0

the gels were stored (4 C)_ until sufficient material was collected to
begin the demethylation experiments.
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Three concentrations of NH 0H (1.0, 2.5 and 4.0% of NH ) were
4
3
used to demethylate the pectin gels for varying lengths of time.
The reaction times ranged from 6 to 18 hr for 1.0% NH , 1 to 10 hr.
3
2.5% NH

3

and0.5 to 2.5 hrfor 4.0% NH •
3

The pectins were demethylated

in 60% isopropanol to facilitate gel formation so that the product
could be dewatered by pressing.

The NH 0H in 60% isopropanol
4

solutions were prepared on a weight of NH

3

to volume of 60%

isopropanol basis, and were cooled to 4°C prior to treatment of the
pectin.
The precooled NH 0H in 60% isopropanol solution was mixed with
4
the pectin precipitates (soft pectin gels) at a liquid: solids ratio
of 1:1 (v/w) and the temperature maintained at 4°C.

After the

desired reaction time was achieved, the pectin-NH 0H alcohol mixture
4
was acidified to pH 5.5 with 6.0 N HCl in 60% isopropanol. The
mixture was filtered using lihatman No. 41 filter paper and rinsed
with l.SL of 60% isopropanol prior to pressing in the cylinder press.
After pressing, the treated pectins were dried in a vacuum oven at
60 0 C for 16 -hr.

The dried pectins were then.ground to pass through

a 60-mesh (Tyler) screen.

3.6

Chemical analysis of pectins
All chemical analysis were done in duplicate.
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3~6.1

Moisture
Approximately 1.0000 g of sample was weighed into an aluminum

weighing dish and dried in an air oven at 105

0

for 2 hr.

The dried

sample was cooled in a dessicator and reweighed.

3.6.2

Ash
Approximately 1.5000 g of sample was weighed into a preweighed

crucible and ignited in a muffle furnace at 550°C for 3 hr or until
a carbon-free ash was obtained (NRC-NAS, 1972).

The crucible was

cooled in a dessicator and reweighed.

3.6.3

DE and AA content
The DE refers to the proportion of COOH groups that are esterified

with methanol, and the degree of AA substitution refers to the
percentage of AA groups at carbon-G.

These two values were determined

by the procedures of the NRC-NAS (1972).
Simple titration was involved in the determination of DE and AA.
The initial level of free COOH groups was determined by titrating with
0.1000 N NaOH to the phenolphthalein end point.

The volume of 0.1000

N NaOH required was recorded as the initial titer (V ).
1

After the

equivalence was reached, 20.0 ml of 0.5000 N NaOH was added to
saponify the methoxyl groups.

An equivalent amount of 0.5000 N HCl

were added to neutralize the NaOH.

The COOH groups formed from the

clevage of the methoxyl groups were titrated with 0.1000 N NaOH and
the result was recorded as saponification titer (V ).
2
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The AA level was determined by cleaving the primary amide to
yield NH , sweeping the NH into 20.0 ml of 0.1000 N HCl and back
3
3
titrating the HCl with 0.1000 N NaOH.

The volume of 0.1000 NaOH

required to neutralize the excess acid was recorded as S.

A blank

determination on 20.0 ml of 0.1000 N HCl was performed and the
result was recorded as B.
as total titer (Vt).

The sum of

v1 , v2

and

v3

was recorded

·The DE and the degree of AA substitution were

calculated using the following equations:
DE

AA

=

X

100%

X

100%.

These values were reported on a moisture- andash-free basis.

3.6.4

Free COOH groups
The percentage of free COOH groups in the pectin sample was

calculated by substracting percent DE and percent AA groups from 100.

3.6.5

GA content
The GA content of the pectin sample was calculated using the

results obtained from the determination of DE and percent of AA
groups (NRC-NAS, 1972). Each m1 of 0.1000 N NaOH used in the total
titration (V + v + v ) is equivalent to 19.41 mg of GA.
2
3
1

Thus,

the percent of GA in the 500 mg pectin sample can be calculated
using the following equation:
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GA

=

(V

1

+ V + V ) x 19.41
2

3

~

500

100%

This value was reported on a moisture- andash-free basis.

3.6.6

Acetyl content
The acetyl contents of sunflower pectins were determined by

the Chang and Smit (1973) procedure using a micro-Kjeldahl apparatus
for the steam-distillation step. The procedure involved a mild
alkaline saponification of the acetate esters linked to carbon-2
or carbon-3 of the GAs.

After saponification, the solution was

acidified, the acetic acid was steam distilled and the distillate
was titrated with dilute NaOH to the phenolphthalein end point. The
acetyl content was calculated using the following equation:

acetyl content

=

0.043 x normality of NaOH x net titer
weight of sample in aliquot

X

100%.

This value was expressed on a moisture- andash-free basis.

3.6.7

MW determination
The apparent MWs of the sunflower pectin were determined using

a combination of the procedures of

Christe~sen

(1954) and Smit and

Bryant (1967) .• A 0.1000 g sample of sunflower pectin (moisture-and
ash-free basis) was weighed into a 150 ml beaker and moistened with
a few drops of ethanol prior to the addition of 40 ml of 1.0% SHMP
solution. The pH was adjusted to 4.5 with 1.0 N HCl. The mixture
was stirred until all the pectin was dissolved.

The pH of the
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solution was re-adj_usted to pH 4.5 with either O.lN_- HCl or 0.1 n
NaOH as required.

The pectin solution was then transferred

quantitatively to a 100 ml volumetric flask and made to volume with
SHMP solution. The flask was stoppered and shaken vigorously until
the solution was homogeneous, then filtered through Whatman No. 41
ashless filter paper.

The flow time of 7 ml of this pectin solution

was measured at 20°C using a No. 100 Ostwald-Gannon-Fenske pipette
immersed in a temperature controlled water bath.

The average of

five readings was used in the calculation of MW.

The viscosity of

the 1.0% SHMP solution was also measured under the same conditions.
The MW of the pectin

samp~e

was calculated using the following

equation:
P((ts/to)l/p_l)
CK
where

t
t
p

s = flow time of pectin (sec)
0

= flow time of 1.0% SHMP solution (sec)
= constant = 6

c = concentration in gGA/100 ml
k

3.6.8

= constant= 4.7 x 10

-5

Reaction rate constant (K)
Several workers have suggested a first order relationship between

reaction time and the decrease in methoxyl groups during the demethylation process (Black and Smit, 1972b; Kim et al., 1978a; Speiser et
al., 1945).

The K values were calculated using the equation:

1
0
K = ( /t) __ in (C /c), where Co is the initial DE and Cis DE at time
t in min.
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3.7

Reheological evaluation of sunflower pectin gels

3.7.1

Gel formulation
The basic formulation for sunflower pectin gels was 1.0% pectin

(moisture-and ash-free basis), 30.0 g sucrose/100 g gel, and_22.0 mg
Ca++/g pectin, which wa~ found to be optimal for gel firmness and
strength (Kim et al., 1978c).

The pH of the gels was varied from

2.7 to 4.5 as shown in Table 3.2.
Commercial LM-pectin (Genu

LM~l5

AB, the Copenhagen Pectin

Factory Ltd., Denmark) gels were prepared using the same conditions
++
as for sunflower pectin except that the recommended 25.0 mg Ca /g
pectin (NRC-NAS, 1972) was used in the gel formulation.

3.7.2

Gel preparation

The procedure described by the NRC-NAS (1972) for the preparation
of low-ester pectin gels was followed with the exception of the gel
containers.

The containers used were cylindrical in shape and made of

Plexiglass (50 mm high, 51 mm ID) (Fig.- 3.3).

Before gel preparation,

one end of the cylinder was wrapped with masking tape so that the tape
formed an extension of the rim.

The extension was about 12 mm above

the edge of the cylinder. The other end of the cylinder was attached
to a sheet of plastic wrap which was sealed with a small amount of
silicon grease to prevent leakage.

The plastic wrap was supported

by a plastic plate.
Two gels of 300.0 g each were prepared from each pectin sample
for the evaluation of gelation characteristics. Three grams of pectin
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Table 3.2

Quantities of

buffe~

solutions included in the sunflower

pectin gel formulationsa

Sodium citrate
60.0 g/L solution

Desired pH
of gel

8.0 ml

5.0 ml

2.5

7.0

5.0

2.6

3.5

5.0

3.0

2.0

5.0

3.3

1.0

5.0

3.6

0.5

5.0

3.9

0.2

5.0

4.3

0.1

5.0

4.4

Citric acid
543.0 g/L solution

a

Other ingredients: 3.0 g pectin (moisture- and ash-free basis),
90.0 g sucrose, 242.5 mg Cacl ·2H 0 plus water to total 300 g.
2
2

6.3

Figure 3 • .J

Sunkist Exchange Ridgelimeter and gel container.
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(moisture- and ash-free basis) were placed into a l.SL stainless
steel saucepan and mixed thoroughly with 20.0 g sucrose. Depending
on the desired final pH of the gel, predetermined quantities of
citric acid/sodium citrate buffers (Table 3.2) were mixed with 200 ml
of distilled water and the solution transferred to the saucepan and
mixed with the pectin and sucrose using a stainless steel gel mixer.
Heat was applied using a gas burner and the solution brought to a
boil with constant stirring.

Seventy grams of sucrose was then

dispensed into the boiling pectin-sucrose solution 'and stirring
continued until all the sucrose had dissolved.

Finally, 11.0 ml of

CaC1 ·2H o solution (22.05g/L solution) were added, and the solution
2
2
mixed thoroughly.

The mix·ture was boiled until a net weight of

300.0 g was achieved.
6 min.

The total boiling time was held to approximately

After the required weight was attained, the solution was

poured quickly into the prewrapped gel cylinder and covered with a
plastic cap.

The gel was held for 2 hr at room temperature, and then

stored at 4°C for20 to22hr prior to testing.

3.7.3

Gel evaluation
The sunflower pectin gels were evaluated for firmness (Sag) using

a Sunkist Exchange Ridgelimeter (Sunkist Growers, Inc., Ontario, CA)
and for strength (BP) with a Marine Colloids Gel Tester (Marine
Colloids, Inc., Springfield, N.J.).
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3.7.3.1

Sag measurement

The Sunki.st Exchange Ridgelimeter consists of a platform and
supporting arm to which a micrometer screw and scale are attached
(Fig. 3.3).

The instrument measures the distance a gel sags from

its original height during a given time interval.

Therefore, the

sag readings are dependent on the firmness as well as the temperature
of the gels.
Immediately after storage, the lids were removed and the tape
strips torn from the cylinders (IFT Committee, 1959).

A cheese

cutter was used to cut the gel along the edge of the cylinder. The
cut-off section was discarded.

The gel was then turned out of the

cylinder into an inverted position on a plexiglass block of 25.5 mm
in height.

This was accomplished by holding the cylinder tilted at

about a 45° angle while the point of a spatula was inserted between
the top of the gel and the cylinder in order to start the separation
of the gel from the cylinder.

The gel would then fall free from the

wall of the cylinder while the latter was slowly rotated.

The

cylinder was quickly and carefully inverted just above the Plexiglass
block in such a way that the gel slid out and became stationed upright near the center of the block.
immediately.

A stopwatch was started

The block and the gel were then placed carefully on

the base of the Ridgelimeter so that the gel was centered under the
micrometer screw, which was then screwed down near the surface of
the gel.

After exactly 2 min, the point of the micrometer screw was

brought just into contact with the top of the gel surface, and a
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reading taken from the scale.
The Ridgelimeter readings were converted to % sag by the
following formula:

= (Ridgelimeter

% sag

reading of gel - Ridgelimeter reading
of cylinder) x 0.8/50 x 100

where:

Ridgelimeter reading of cylinder
1 unit of Ridgelimeter reading

= 11.22

= 0.8

mm

50= height of the gel (mm).

3.7.3.2

BP measurement

A Marine Colloids Gel Tester (Fig. 3.4) was used to measure the
strength of sunflower pectin gels.

The instrument consists of a

motor driven plunger positioned over a balance which was used to
measure the force required for a plunger of a given size to rupture
the gel.

The size of the plunger was 10.95 mm in diameter, and a

down stroke rate of 5.0 em/min was used.
Immediately after the sag reading of the gel had taken place
(Section 3.7.3.1), the gel was cut into five slices of 10 mm thickness and the top and bottom slices discarded.

Each of the remaining

gel slices was placed on a petri dish which was then placed on the
pan of the balance.

After the scale was brought to zero, the motor

was started, driving the plunger downward at a constant speed of

5.0 em/min into the gel.

The scale pointer showed increasing

pressure until the gel surface was ruptured, at which time the
pointer deflected back to zero.

The maximum reading on the scale was
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Figure 3. 4

Marine Colloi.ds Gel Tester.

recorded.

Each slice of gel was measured four times at different

positions and the average readings for three slices of each gel
were used to calculate the BP.

BP was expressed as force/unit area

of plunger in units of g/cm2 •

3.7.3.3

Firmness/strength (F/S) ratio_

The F/S ratio was determined by dividing the % sag by BP and
multiplying the value by 100.

3.7.3.4

Pregelation, smoothness, brittleness and elasticity

Pregelation, smoothness, brittleness and elasticity were
determined visually.

Pregealtion is defined as the amount of gel

lumps formed after the addition of Ca++ solution during gel
preparation.

Smoothness and brittleness were determined by cutting

the gels with a knife.

The smoothness and brittleness of the gels

related to the coarse of the cut surface.

Elasticity was determined

by bending the gel slice and the degree of bending related to the
degree of elasticity.

The number of + or - indicates the relative

intensity of each gel character.
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4.

4.1

RESULTS

Demethylation with NH 0H of rehydrated pectins extracted from
4
1976 sunflower heads and head-stalk mixtures
The chemical composition of untreated pectins from head (H-0)

and head-stalk mixtures (M-0) is shown in Table 4.1.

H-0 pectin

contained 98.9% of GA while the M-0 sample was only slightly lower
at 98.5% GA.

These results compared favorably with the value of

87.1% by Sosulski et al. (1978) and 98.0% by Lin et al. (1978) for
similar head pectins.

All the treated pectins (H-1 to H-6 and M-1 to M-6)

contained higher concentrations of GA than the controls.
The H-0 and M-0 pectins differed widely in DE, the values being
40.4% and 30.3%, respectively.

Reported values for head pectins

·were 30.9% (Sosulski et al., 1978) and 31.0% (Lin et al., 1978)
indicating that the present 1976 crop of Peredovik and Krasnodarets
was substantially better than the 1975 samples processed in the
previous studies.

The higher DE in the present samples permitted

the preparation of a wider range of modified pectins.
In the H-series, the lower concentrations of pectin and ethanol
in treatment H-1 (Table 3.1) resulted in a reduction of methoxyl
groups to 24.2% (Table 4.1).

Increasing demethylation time from

18 to 30 min (Table 3 .1) for suspensions containing 1. 3% pectin gave
a progressive reduction of methoxyl groups from 33.2 to 28.3%.
In the M-series, adjustments in the normality of NH 0H, pectin
4
concentration, temperature and time (Table 3.1) resulted in DEs of

Table 4.1

Chemical composition and gel characteristics of untreated and rehydrated 1976 sunflower pectins demethy1ated with NH 40H

Gel characteristics at pH 4.3

Chemical compositionc
Sample
Series

GA

DE

{%)

{%)

AA
{%)

COOH
{%)

Acetyl
{%)

H-0
H-1
H-2
H-3
H-4
H-5
H-6

98.9
99.2
100.0
99.'•
100.0
99.8
100.0

40.4
24.2
33.2
30.3
31.1
30.2
28.3

0.7
8.7
2.9
5.1
4.3
4.6
3.6

57.8
66.3
64.9
64.1
64.7
65.1
68.1

1.9
1.3
1.3
1.3
1.3
1.3
1.3

M-0
M-1
M-2
M-3
M-4
M-5
M-6

98.5
100.3
99.3
98.8
98.6
99.5
100.0

30.3
15.1
22.7
25.1
22.0
22.6
13.9

0.7
9.8
6.3
5.2
7.0
7.4
9.3

69.1
75.4
70.3
68.5
69.7
69.5
76.8

1.4
1.1
1.0
1.3
1.1
1.1
0.6

{%)

BP
{g/cm 2 )

147.1
117.5
105.3
115.6
99.9
103.1
103.9

12.7
8.4
14.1
13.0
13.9
12.5
10.5

76.7
89.5
54.6
58.7
55.4
68.4
72.8

16.6
9.4
25.8
22.1
25.1·
18.3
14.4

+
+
0
0
0
0
0

122.2
104.8
87.3
113.2
110.0
111.5
114.0

8.7
4.9
9.1
7.6
6.7
6.3
3.6

83.5
112.7
78.9
75.0
90.2
101.2
212.5

10.4
4.3

++
++

10.1
7.4
6.2
1.7

+
+
+
+
+

MW
X

10

3

sag

F/S

u.s

Pregelation

Smoothness {+)
Brittleness {-)

-

+++
+++
++
++

-

--

---

----

-----

Elasticity

+
+

+++
+++
++
+++
+++
+
+
+
+
+
+
0

a Values are the average of duplicate determinations (moisture- andash-free basis).
b H=head pectin; M =head-stalk pectin (1:1; w/w); H-O=untreated head pectin; M-O=untreated head-stalk pectin; H-l-H-6=modified head pectins;
M-l-M-6=modified head-stalk pectins.
c GA=galacturonic acid; DE=degree of esterification; AA=acid amide; COOH=free carboxyl; MW-molecular weight.
d BP=breaking pressure; F/S=%sag/BPx100; +=high; O=none.

'-I
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13.9 to25.1% (Table 4.1).

The low values were associated with high

normality of alkali, long reaction time and higher aqueous: alcohol
ratio.

The highest value was for the M-3 treatment at low temperature,

relatively low normality of alkali and short reaction time.
Both H-0 and M-0 pectins had AA contents of 0.7% (Table 4.1)
which was intermediate as compared to values of 0.4% reported by
Lin et al (1978) and 0.8% by Sosulski et al (1978) on similar head
pectins.

Relatively high proportions of AA groups were found in

treatments where a high aqueous:alcohol ratio was used in the
rehydration of the pectins (Table 3.1).

The AA contents of H-1, M-1,

and M-2, which had reaction timescr£ 20 to 30 min (Table .3.1), were 8. 7,
9.8 and 6.8%,respectively.

The increase in reaction time for the

H-2 to H-6 series (Table 3.1) did not affect the AA contents which
varied from 2.9

toS~l%

among the treatments.

normality of NH 0H, as
4

wel~

However, increasing the

as the reaction time (Table 3.1) resulted in

progressively higher AA values which increased from 5. 2 to 9. 3% as
normality was adjusted from 3.5 to 4. 3N.
The H-0 and M-0 pectins differed widely in their free COOH
contents, the values being 57.8 and 69.1%, respectively (Table 4.1).
The difference was due to the variation in their respective methoxyl
contents.

A previous study by Lin et al. (1975) demonstrated that

the DE of head and stalk pectins from Peredovik sunflower were 36.8
and 19.6%, respectively.
The H-1 treatment deesterified 16.2% of the total COOH groups
in the pectin of which 8.7% were amidated, the remainder contributing
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to the total of 66.3% of free COOH groups (Table 4.1).

Increasing

the reaction time (Table 3.1) for the H-series resulted in a slight
increase in free COOH groups from 64. 9 to 68.1%.
In the M-1 sample, the high proportion of free COOH groups
(75.4%) resulted from extensive deesterification in the absence of
ethanol (Tables 3.1 and 4.1).

While this treatment enhanced

amidation, the number of free COOH groups was still high.
to

In theM-2

M-6 series, the increase in COOH groups (68.5 to 76.8%) with

increased normality of alkali (Table 3.1) was limited by the
corresponding increase in amidation.
Some of the secondary OH groups of the GA units of pectin are
esterified with acetic acid which has a marked unfavorable effect
on the gel forming ability present in high levels (Pippen et al.,
1950).

Values in excess of 5% are reported to inhibit gelling

completely.

In the present study, the acetyl contents for the control

samples H-0 and M-0 were 1.9 and 1.4%,respectively (Table 4.1),
which were higher than the value of 0.23% found for citrus pectin
(McComb and McCready, 1957).

Application of various treatments to

the H-series pectins decreased the acetyl content from 1.9-1.3%.
The reduction was even greater for theM-ltoM-5 pectin series, an
average of 1.1%, and for the M-6 pectin (0.6%), where higher
concentrations of NH OH and a longer reaction time were applied
4
(Table 3.1).
The average Mtv.. of H-0 pectin was considerably higher than that
of the M-0 pectin, the values being 147,100 and 122,200, respectively,
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(Table 4.1).
Demethylation in the H-series of experiments at 12°C reduced
the MW from 147,100 to 99,900-117,500 (Table 4.1).

However, the

decrease was considerably smaller in the M-series where a lower

.

0

temperature (4 C) was used (Table 3.1).

It appeared that low

temperature was quite effective in controlling the depolymerization
of the pectin molecules during the demethylation process.
The gelation characteristics of the sunflower head pectin
extracted from the 1976 crop were compared to the commercial LMpectin (Genu LM-lSAB) over a pH rangeof2.7to4.5 with concentrations
of pectin, sucrose and Ca++

kept constant at each pH level

(Fig. 4.1).

The commercial LM-pectin had 28.5 DE, 17.9 AA and 48.3%

COOH groups.

The acetyl content of the pectin was 0.0% and the MW

was 100,260.

The minimum sag and maximum BP occurred at pH 4.3 for

the sunflower head (1976) pectin.

Fo~

the citrus pectin, the least

degree of sag was obtained at a lower pH of 3.1 to 3.4 and maximum BP
was also at 3.4.

Thus the lowest F/S value for the head pectin

occurred at pH 4.3, while the commercial pectin showed
ratio at pH 3.3.

a

minimal

The appearance of gels made from unmodified head

(1976) pectin at several pH levels-is

shown in Fig. 4.2.

Increasing

the gel pH from '3.4 to 4.3, improved the BP, elasticity,
smoothness and uniformity of texture.

However, even at its

optimum

pH of 4.3, the sunflower head (1976) pectin was rated as inferior in
gel characteristics to the commercial LM-pectin.

The

gelation characteristics of the unmodified and demethylated pectins
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Figure 4.1

Effect of pH on sag and breaking pressure (BP) of gels
made from unmodified sunflower head (1976) pectin and
Genu LM-15AB.
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Figure 4.2

Effect of gel pH on gelation characteristics of gels
made with unmodified sunflower head (1976) pectin .
Left to right: pH 4.3, 4.0, 3.7 and 3.4.
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from the 1976 crop were evaluated at gel pH 4.3.
Under standard gelation conditions (section 3.7.1) at pH 4.3,
the sag and BP were 12.7% and 76.7 g/cm 2 , respectively, for the H-0
2
pectin and 8.7% and 83.5 g/cm , respectively, for the M-0 pectin
(Table 4.1).

Pregelation, brittleness and lack of elasticity were

characteristics of these control gels.
Among the NH 0H-treated pectins in the H-series, H-1 had the
4
lowest DE at 24.2% and the highest AA content at 8.7% (Table 4.1).
The resulting gel showed a tremendous improvement in gel sag and BP
2
as compared to the H-0 pectin, the values being 8.4% and 89.5 g/cm ,

respectively.

Despite the increase in gel strength and firmness,

as indicated by the decrease in F/S ratio from 16.6 to 9.4, pregelation,
brittleness and elasticity were not changed significantly as compared
to the H-0 gel.

The gels prepared from the H-2 sample, which was

reacted for only 18 min (Table 3.1), showed a higher gel sag and
lower BP than the control H-0 gel (Table 4.1).

The sample did not

exhibit pregelation and the gel was very smooth and elastic.
Increasing the duration of the reaction period gave progressive
decreases in gel sag and increases in BP up to the maximum treatment
time of 30 min. and further treatments should have been conducted.
For the present treatments, the Ff.S ratio decreased from 25.8 for H-2
to 14.4 for H-6, which was close to the control H-0 value.

The gel

of H-6 showed no pregelation, but the gel was as brittle as the
control, although its elastic properties were good.
Because of the wide range in treatments applied to the M-series
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pectins, the corresponding gels exhibited wide variation in gel sag
and BP, and in gel characteristics.

The sag ranged from 3.6 to 9.1%

and the BP from 75.0to 212.5 g/cm2 (Table 4.1).

The lowest gel

sag and highest BP of 212.5 g/cm 2 were exhibited by the M-6 pectin
gel which had the lowest DE (13.9%) and the highest proportion of
free COOH groups (76.8%) of the M-series pectins, and a high level
ofAA (9.3%).

An F/S ratio of 1.7 indicated that the M-6 gel was the

strongest of all the treated gels and the controls.

However,

pregelation was experienced during gel preparation and the resulting
gel was very brittle and lacked elasticity despite its tremendous
strength and firmness.
The M-2to M-5 pectin series which had similar DEs after
demethylation, but varying levels of AA and COOH groups, exhibited a
range of gel sag and BP values(6.3
respectively) (Table 4.1).

tD

2

9.1 and 75.0 to 112.7 g/cm ,

The strength and firmness of the gels

also varied widely (F/S ratios of 4.3toll.5). The gels showed
pregelation and varying degree of brittleness.

The M-1 pectin,

which was rehydrated in the absence of alcohol, produced gels with
the highest AA content (9.8%) and fairly low sag (4.9%) and BP
2
(112.7 g/cm)
(Table 4.1).

The strength and firmness of the M-1 gel

were more than double that of the M-0 gel, as indicated by the F/S
values of 4.3 and 10.4, respectively.

However, the gelation

characteristics of the M-1 gel were similar to the M-0 gel in terms
of pregelation, brittleness and elasticity, despite their wide
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differences in chemical composition and firmness.
Some of the modified pectin gels from the 1976 crop are shown in
The

Fig. 4.3.

and more elastic

H-2 and H-3 gels were

much smoother

than the more brittle M-2 gel.

After standing

at room temperature for several hours, gels made from the NH 40Htreated pectins retained their original shape and firmness to a
greater degree than the gel made with the commercial pectin.

4.2

Demethylation with NH 0H during pectin extraction
4
The second phase of the.investigation was directed towards

modification

of the sunflower pectin during extraction from the

sunflower heads.

The initial modifications were conducted on the

pectin extract in SHMP solution.

Deesterification was conducted at

pH 10.8 by the addition of aqueous NH 0H (28-29% NH ) and holding for
3
4
20 to 240

0

min at 4 C.

The demethylation process was terminated

by acidification to pH 4.5 with HCl (section 3.5.1).

In latter

modifications, demethylation was done after pectin precipitation
with HCl at pH 1.0 (section 3.5.2).
pectin gel)

The pectin precipitate (soft

was purified by a single washing with 60% isopropanol,

followed by pressing.

Three concentrations of NH 0H in 60%
4

isopropanol were applied for durations of 0.5 to 18 hr before
acidification to pH 4.5. This process of demethylation with NH4 0H on
pectin precipitates substantially reduced the quantity of NH 0H
4
required.
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Figure 4.3

Appearance of gels prepared from demethylated sunflower
(1976) pectins at pH 4.3 and 22 mg ca++/g pectin and
Genu LM~15AB at pH 3.2 and 25 mg ca++/g pectin.
Left to right: H-2, H-3, Genu LM15-AB and M-2.
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4.2.1

Characteristics of pectins demethylated with NH 0H (pH 10.8)
4
during

processing

The ash content of the control pectin isolated from the mixture
of Peredovik and Krasnodarets sunflower heads, harvested in 1977,
was 2.45% (Table 4.2).

This value was much higher than the 1.3%

ash reported by Lin et al. (1976) on similar SHMP-extracted sunflower head pectin.

Because of the additional processing associated

with demethylation treatments, ash contents were invariably lower
among treated pectins.

The values ranged from 1.5% in the 140 to 160

min treatments to 2.2% for the 80 min treatment.
The untreated sunflower head pectin had a GA content of 94.9%
which was lower than the 98.9% obtained in the earlier part of this
study (Tables 4.1 and 4.2).
The control sample had a DE of 39.6% which was almost identical
to the 40.4% for the control head pectin harvested in 1976 (Tables

4.1 and 4.2).

The DEs of the treated pectins were reduced

progressively with longer treatment times.

The values ranged from

36.0 to 26.6%.
The AA content of the control pectin (0.8%)
that (0.71%)

4.2).

was similar to

found for the 1976 sunflower heads (Tables 4.1 and

The proportions of AA groups in the treated pectins increased

from 2.81% at 20 min to 4.85% at 160 min,)and further experiments
with longer demethylation time would be warranged. There was
greater viability that associated with treatment time.
example, a high AA value of

For

4.1% was obtained at 60 min whereas

Table 4.2

Effect of NH 40H demethylation {pH 10.8) of the pectin extract from 1977 sunflower heads
on pectin composition and gel characteristicsa

Chemical compositionb
Time
(min)

Gel characteristicsc at
pH 3.0

Ash

GA

DE

AA

COOH

flDE

flAA

flAA
flDE
X 100

(%)

{%)"

(%)

(%)

(%}

(%)

(%)

(%)

x 10 3

(%)

BP
2
(g/cm )

F/S

161.0

7.7

83

9.3

MW

Sag

0

2.45a

94 .• 9c

39.6a

O.Rg

59.7g

-

-

-

20

1.66e

96.8abc

36.0b

2~8e

61.2f

3.6

2.0

56.7

146.2 .

7.5

115

6.5

40

2.04c

98.4ab

34.9c

2.5f

62."7e

4.7

1.7

37.0

143.1

7.4

120

6.2

60

1.77d

96.4bc

31.6d

4.lc

64.3d

8.0

3.3

41.8

137.5

7.0

128

5.5

80

2.25b

98.lab

3l.lde

3.8d

65.lc

8.5

3.0

35.8

131.7

6.9

131

5.3

100

1.7ld

97.4ab

30.~e

3. 7d

65.6c

8.8

2.9

33.4

128.6

6.8

135

5.0

120

1.73d

98.7a

26.lf

4.9a

69.la

13.5

4.1

30.7

126.6

6.6

138

4.8

140

1.52e

98.0ab

27.2fg

4.5b

68.3b

12.4

3.7

30.2

114.9

6.0

130

4.6

160

1.54e

97.6ab

26.6g

4.9a

68.6ab 13.0

4.1

31.9

106.4

5.8

140

4.1

S.D.

0.06

0.97

0.36

0.10

0.36

2.2

0.8

0.22

0.8

L.S.D.
(0.05) 0.14
a

~-

values are the average of duplicate determinations (moisture-and ash-free basis); means in the same
b colunm having the same letter are not significantly different (P > 0. 05).
GA = galacturonic acid; DE = degree of esterification; AA = acid amide; COOH = free .carboxyl;
c ~ = change in; MW = molecular weight.
BP = breaking pressure; F/S = %sag/BP x 100.
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~relatively

low value of 3.7% was obtained at 100 min.

It appeared

the factors other than treatment time affecting the degree of
amidation.
Before demethylation, the free COOH content of the head pectin
was 59.7% (Table 4.2).

For the treated pectins, there was a

progressive increase in free COOH groups as treatment time increased
from 20 to 160 min.

The values ranged from 61.2 to 68.6%. For the 20

min treatment, the rate of increase in free COOH group was the
lowest among the treatments, since 56.7% of the free COOH groups
released by demethylation were amidated.

The proportions of total

free COOH groups which were amidated a.t longer treatment times
decreased from 36 to 42% for the 20 to 60 min treatments to 30 to 32%
for the 120 to 160 min treatments. The experiment should have been
carried out longer to give a clear indication of the trend.
The MW of the untreated head pectin was 167,000 (Table 4.2)
which was desirably higher than the 1976 control pectin of 147,100
(Table 4.1). Increasing the reaction time from 20 to 160 min reduced
the MW in a progressive manner (146,200 at 20 min to 106,400 at 160
min).
For sunflower head pectin extracted from the 1977 crop, minimum
sag occurred at pH 3.0 (Fig. 4.4). As the acidity of the gel was
++
reduced, extreme pregelation occurred after the addition of Ca ,

resulting in nonuniform gels and high sag values.

At pH 4.5, the gel

collapsed due to extreme pregelation. This is the reason for performing the gel tests at pH 3.0 in the second phase of this study.
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Figure 4.4

Effect of gel pH on the sag of sunflower head (1977)
pectin. Left to right: pH 2.9, 3.0, 4.0, 4.3, 4.5.
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The sag and BP of the control gel measured at pH 3.0 were
7.7% and 83.0 g/cm2,respectively (Table 4.2).

All gels prepared

from the treated pectins showed progressive decreases in sag as
well as increases in BP with increases in treatment time.

The

2
values ranged from 7. 5 to 5. 8% and 115 to 140 g/ cm , respectively, for
20 to 160min treatment times.

The strength and firmness of the gels

also increased in a corresponding fashion as indicated by the F/S
ratios which decreased progressively from 6.5to 5.1.

However, the

20 min treatment showed the largest increase in BP whereas the sag
was only slightly reduced.

The resulting F/S ratio was reduced

to 6.5 from 9.3 in the control.
It appeared that by conducting the demethylation on the
pectin extract, the chemical composition of the pectins could be
altered.

The resulting gels from the treated pectins exhibited

better gelation characteristics than the control gel.

However,

the efficiency of amidation of the free COOH groups released by
demethylation was only 30 to40% with the exception of the 20 min
treatment (56.7%) (Table 4.2).
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4.2.2

Characteristics of pectins demethylated with NH 0H (1.0% NH )
4
3
in 60% isopropanol during processing
The ash contents of the pectins demethylated with NH 40H (1.0%

NH 3) in 60% isopropanol for 6-18 hr varied from 1.40 to 2. 41%,
compared to a value of 2. 45% for the con-trol pect.in (Table 4. 3) •
The GA contents of the pectins after treatment were
significantly higher than that of
(Table 4.3).

~he

control pectin (94.9%)

The increase in GA was much greater during the initial

6 hr of reaction time than during the next 12 hr.

The GA values

ranged from 96.5% for the 6-hr treatment to 98.5% for the 18-hr
sample_.
There was a significant reduction in methoxyl groups after 6 hr
of

demethylation (36.0 vs.39.0%

for the control)

(Table 4.3).

Increasing the reaction time from6to1Bhr did not change the methoxyl
contents significantly.

The lowest DE (34.2%) was attained after

16 hr.
The AA content was reduced to 0.3

from 0.8%

after 6 hr of

demethylation. However, from 6 tol6 hr, the proportion of AA groups
increased progressively from 0.3 tol.6% (Table 4. 3), and did not
change from 16 to 18 hr.
Prior to demethylation, the free COOH content of the head
pectin was 59.7% (Table 4.3).

The proportion of free COOH groups

increased to 63.8% after 6 hr of treatment.
groups were reduced correspondingly.

The methoxyl and AA

There was no significant

Table 4.3

Effect of demethylation time on the chemical composition and gel characteristics of
pectins treated with NH 0H (1.0% NH ) during processinga
3
4
Chemical compositionb

Time
(hr)

Ash

6AA
6DE
X 100
(%)

(%)

BP
2
(g/cm )

F/S

167.0

7.7

83

9.3

-12.8

103.6

8.6

133

6.5

-0.3

- 8.1

118.9

8.5

126

6.7

3.0

0.0

1.3

110.9

8.8

121

7.3

63.5a

4.6

0.4

9.6

116.3

9.5

121

7.9

1.6a

64 .!2a

5.8

0.8

14.5

105.4

8.9

125

7.1

35.3bc

!.Sa

63.2a

4.7

0.7

15.7

98.9

9.0

127

7.1

0.40

0.98

0.08

1.01

0.9

2.3

0.18

2.4

GA

(%).

DE
(%)

AA

(%)

6DE
(%)

6AA

0.0

2.45a

94.9d

39.6a

0.8c

59.7b

-

-

-

6.0

1.80d

96.5c

36.0 be

0.3e

63.8a

4.0

-0.5

10.0

1.40e

96.7bc

35.9bc

o.4d

63.7a

4.1

12.0

1.95c

97.5b

37.0b

0.8c

62.3a

14.0

2.12b

97.5b

35 .4bc

·1. 2b

16.0

2.41a

98.3ab

34.2c

18.0

2.02bc

98.5a

SD

0.05

L.S.D.
(0.05} 0.12
a

Gel characteristicsc at
pH 3.0

(%)

COOH
(%)

(%)

MW

x 10 3

Sag

values are the average of duplicate determinations (moisture-and ash-free basis); means in the same
b column having the same letter are not significantly different (P>0.05).
GA = galacturonic acid; DE = degree of esterification; AA = acid amide; COOH = free carboxyl groups;
6 = change in; MW = molecular weight.
c BP = breaking pressure; F/S = %sag/BP x 100.
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reduction in methoxyl groups between 6 and 18 hr, hence no increase
in free COOH groups over this time period.
A marked reduction in MW occurred during the initial 6 hr of
deesterification (103,600 at 6 hr vs. 167,000 for the control)
(Table 4.3).

For the 6 tol8 hr treatments, the magnitude of the

reduction in MW was reduced, with values ranging from 88,900 to
118,900.
All the gels prepared from the demethylated_pectins and measured
at pH 3.0 showed an increase in sag as compared to the control
(7.7%) (Table 4.3).

Values for the NH 0H (1.0% NH ) treated
4
3

pectins varied from 8. 6% for the 8 hr to 9. 5% for the 14 hr sample.
A large increase in BP occurred during the first 6 hr of
reaction time.

The values increased from 83

to 133 g/ cm

2•

Increasing

the reaction time from 6 to 18hrdid not change the BP values
significantly.
Despite the increase in sag, the corresponding F/S ratios for
the treated pectins were lower than the value for the control (9.3),
due to increases in BP (Table 4.3).

The 6 hr treatment had the

lowest F/S ratio (6.5) and the highest BP (133 g/cm2 ).

All the

treated pectins had lower F/S ratios (6.5-7.9) than the control
pectin (9.3).
The efficiency of amidation for the NH 0H (1.0% NH ) in 60%
4
3
isopropanol treatment was very low as indicated by the 6AA/6DE x 100
values (Table 4.3).

For the initial 10 hr of reaction time, the
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proportion of AA groups was reduced as deesterification proceeded.
Subsequently, the efficiency of amidation of the released free COOH
groups increased progressively

4.2.3

~p

to the final 18 hr treatment.

Characteristics of pectins demethylated with NH 40H (2.5% NH )
3
in 60% isopropanol during processing
The ash contents of the demethylated pectins (2.24to 1.30%)

were considerably lower than that of the control pectin (2.45%)
(Table 4.4).

The GA contents of the pectins after treatment were

significantly higher than thaf of the control pectin (94.9%),
and the values ranged from

99~lto

96.9%, respectively.

Treatments with NH 0H (2.5% NH ) in 60% isopropanol decreased
4
3
the DE from 39.6 to29.9% as the reaction time was increased from
ltolOhr(Table 4.4).

The lowest DE (29.9%) attained after 10 hr

was considerably lower than the value of 34.2% after 16 hr of
demethylation with NH 0H (1.0% NH ) in 60% isopropanol (Table 4.3).
4
3
The AA contents of the treated pectins increased progressively
from 1.5 to 6.6% with increasing treatment time (Table 4.4),
indicating that a greater degree of both demethylation and
amidation would be achieved by using NH 0H (2.5% NH ) rather than
4
3
NH 0H (1.0% NH ) (Table 4.3).
4
3
The proportion of free COOH groups after demethylation with
NH 0H (2.5% NH ) increased with treatment time to a maximum of
4
3
64.4% for the 8-hr treatment (Table 4.4).

Table 4.4·

Effect of demethylation time on the chemical composition and gel characteristics of
pectins treated with NH 0H (2.5% NH 3) during processinga
4
Chemical compositionb

l!.AA
~DE

Time
(min)

Ash

GA

DE

AA

COOH

~DE

~

(%)

(%).

(%)

(%)

(%)

(%)

(%)

59.7g

-

60.8f

2.3

MW
x 10 3

Sag

(%)

-

167.0

7.7

83

9.3

o. j

32.3

103.2

6.7

114

5.9

-

X

100

Gel characteristicsc at
pH 3.0

(%)

BP
2
(g/cm )

F/S

0.0

2.45a

94.9d

39.6a

1.0

l.-99c

98.9a

37.7b

0.8g
!.Sf_

2.0

2.24b

96.9c

35.8c

7.6e

62.;6e · 4.2

0.&

20.0

103.9

6.8

112

6.1

4.0

l.Sla

97.3bc

33.4d

2.9d

63.7c

6.6

2.1

32.4

110.6

5.8

125

4.6

6.0

l.Sld

97.4b

32.le

3.7c

64.2b

7.9

2. 9·

37.2

106.6

6.1

110

5.6

8.0

1.9lc

99.la

31.5f

4.2b

64.4a

8.6

3.4

40.0

99.3

5.9

124

4.8

10.0

1.30e

97.4b

29.9g

6.6a

63.4d

10.1

s. a.

57.8

95.8

6.0

131

4.6

S.D.

0.05

0.20

0.10

0.06

0.09

0.5

0.2

0.14

0.20

L.S.D.
(0.05) 0.13
a
b
c

values are the average of duplicate determinations (moisture-and ash-free basis); means in the same
column having the same letter are not significantly different (P>O.OS).
GA = galacturonic acid; DE = degree of esterification; AA = acid amide; COOH = free carboxyl;
~=change in; MW =molecular weight.
BP = breaking pressure; F/S = % sag/BP x 100.
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In general, the efficiency of amidation, as indicated by
AA/ DE x 100, increased with increasing reaction time from 1 t:o lOhr,
the efficiency values ranged from 20.0 to 57 .8%.

The highest

efficiency of amidation· (57.8%) was similar to the high value of

57.6% obtained by demethylation of the pectin extract at pH 10.8
for 20 min (Table 4.2).
The MW of the control pectin (167,000) declined drastically
to 103,200 after treatment with NH 0H (2.5% NH 3)
4
·(Table 4.4).

for 1 hr

As the reaction time was extended beyond 1 hr, there

was no decrease in MW up to 6 hr and a small decrease from 6 to 10 hr •
Gels from the pectin treated with NH 0H (2.5% NH 3) for 1 hr
4
exhibited a substantial decrease in sag and increases in BP as
co~pared

to the control gel (Table 4.4).

As treatment time was

increased beyond the 1 hr period, the sag and BP values of the
resulting gels were altered to a lesser degree.
The strength and firmness of the gels from the demethylated
pectins, as indicated by the F /S ratios (4.,6 to 6 .!),increased
markedly as compared to the value for the control gel (9.3)
(Table 4.4).

However, there was considerable variation among

treatment times in the F/S ratio.
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4.2.4

Characteristics of pectins demethylated with NH 0H
4

(~0%

NH )
3

in 60% isopropanol during processing
The ash contents of pectins (1.95 tol.35%) resulting from
demethylation with NH 0H (4.0% NH ) in 60% isopropanol for 0.5 to
4
3
2.5 hr were significantly lower than the value of 2.45% for untreated
pectin (Table 4.5).

On the other hand, the GA contents of the

demethylated pectins did not change appreciably, which might be
due to the relatively short reaction times (0.5 to2.5 hr) used in
the NH 0H (4.0% NH ) treatment.
4
3
All treated pectins had DE contents significatnly lower than
those of control pectin (39.6%) (Table 4.5).

The DE was reduced

progressively from 37.0% for the 0.5 hr treatment to 31.7% for the
2.5 ·hr sample.

The efficiency of demethylation with NH 0H (4.0%
4

NH 3 ) was superior to that with either the NH 40H (2.5%) or NH 40H
(1.0% NH ) treatments.
3

For example, using NH 0H (1.0% NH ), 6 hr
3
4

was required to reduce the DE from 39.6 to 36.0% (Table 4.3),
whereas only 4 hr-was needed to decrease the DE level from 39.6 to
33.4% using NH 0H (2.5% NH ) (Table 4.4).
4
3
The AA contents of pectins demethylated with NH 0H (4.0% NH )
3
4
for 0.5 to2.5 hr were much higher than the untreated pectin value
of 0.8%

(Table 4.5).

The AA groups increased (3.9to 8.4%) with

increasing treatment time.
There were only small differences in free COOH content between
the control and treated pectins except for the 2.0 hr treatment

Table 4.5

Effect of demethylation time on the chemical composition and gel characteristics of
pectins treated with NH 0H (4.0% NH ) during processinga
4
3
Chemical compositionb

Time
(mi~)

Ash
(%)

GA
{%)"

DE
(%)

AA
(%)

COOH
(%)

Gel characteristicsc at
pH 3.0

6DE
(%)

6AA
(%)

6AA
6DE.
X 100
(%)

-

-

167 .o

7.7

83

. 9. 3

104.7

150.1

7.8

103

7.6

94.8

134.6

7.3

97

7.5

MW
x 103

Sag
(%)

BP
2
(g/cm )

F/S

0.0

2.45a

94.5a

39.6a

0.8e

59. 7bc

-

0.5

1.35d

96.4a

37.0b

3.9d

59.2cd

3.0

1.0

1.55c

93.2b

35.4c

5.5c

59 •. ld

5.0

3.1
4. 7 .

1.5

1.95b

93.9ab

34. 7d

6.2b

59.ld

6.0

5.4

90.7

132.8

6.2

114

5.4

2.0

1.65c

94.4a

33.4e

5.5c

61.2a

7.0

5.7.

82.0

117.4

5.8

131

4.4

2.5

1.95b

94.6a

31.7f

8.4a

60)0b

8.0

7.6

95.5

114.8

5.0

163

3.1

S.D.

0.07

0.40

0.24

0.16

0.~5

1.0

0.60

0.40

0.60

L.S.D.
(0.05) 0.17
a

values are the average of duplicate determinations (moisture-and ash-free basis); means in the same
b column having the same letters are not significantly different (P > 0.05).
GA = galacturonic acid; DE = degree of esterification; AA = acid amide; COOH = free carboxyl groups;
6 = change in; MW = molecular weight.
c BP = breaking pressure; F/S = % sag/BP x 100.
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N

93

(Table 4.5).

As indicated by the flAA/!iDE x 100 values, all of

the free COOH groups released from the 0.5 hr treatment were
amidated.

Values for other values ranged from 82.0 to 95.5%.

There were substantial reductions in the MW of the pectins
treated with NH 0H (4.0% NH ) as compared to the control pectin
4
3
value of 167,000 (Table 4.5).

The Miv decreased progressively with

increasing treatment time from 0.5 to2.5 hr.

The MW values ranged

from 150,100 to 114,800.
In general, the sag of the gels prepared at pH 3.0 from the
demethylated pectins decreased progressively with increasing
reaction time.

Values ranged from 7.8 for the 0.5 to 5.0% for

the 2.5 hr treatment (Table 4.5).

The BP of the gels prepared from

the treated pectins increased from 103 to 163 g/ em
time was extended from 0.5 to 2.5 hr.

2

as the treatment

The F/S ratios similarly

decreased from 9. 3 to 3 .1.
The effect of pH on the gelation characteristics of modified
sunflower head (1977)

pectin was performed on the bulked.

samples from the NH 0H (4.0% NH ) treatment (Fig. 4.5).
4
3

In general,

the strength and firmness of gels made from the modified pectin
were improved substantially as compared to the untreated head
(1977) pectin (Fig. 4.4).

The modification effect was more evident

at pH values above 4.0 (Fig. 4.5).
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Figure 4.5

Effect pf pH on the sag of modified (4.0% NH 3 )
sunflower head (1977) pectins.
Left to right: pH 2.9, 3.0, 4.0, 4.3, 4.5.
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4.3

Reaction rate constants (K) for demethylation of sunflower
pectins under five demethylation conditions
The H-series and M-series pectins had been demethylated after

being rehydrated from dried pectins and high K values were evident
(Table 4.6).

For sample H-1, which had been treated with a

higher aqueous :alcohol ratio (30% ethanol; Table 3.1) than other H-series
pectins, had the highest K value (22.3 x 10- 3 ).

The remainder of

the H-series pectins, which were deesterified for 18-30 min with 2.5N NH OH
4
in 50% ethanol at 12°C (Table 3.1) had K values ranging from 11.6 x
10- 3 to 14.4 ~ 10- 3 •
of

de~thylation

Among the M-series pectins, the highest rate

(K = 35.0 x 10-3 ) was achieved with M-1 pectin,

which was demethylated in the absence of ethanol (Table 3.1).
When the ethanol concentration was increased to 12% for the M-2
treatment (Table 3.1), the K values was reduced to 13.2 x 10-3 •
The M-3, M-4 and M-5 pectins were treated (Table 3.1) with NH 0H in
4
the presence of 60% ethanol at a lower temperature (4°C), and the
K values were much reduced.

The K value for the M-6 treatment of

-3
12.0 x 10
was higher than the values for the M-3 to M-5 pectins
since a higher concentration of NH 0H (4.3N; Table 3.1) was used
4
during the demethylation.

In general, although the K values were

affected by temperature and concentrations of NH 0H and pectin,
4
alcohol concentration appeared to be the most important factor.
The K values for the demethylation reaction in pectin extracts
at pH 10.8 are shown in Table 4.7.

The 20 min treatment had the
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Table 4.6

Reaction rate constants (K) for demethylation of Hand M-series pectins treated with varying concentrations
of NH 0H
4

a
Sample
ethanol series

(%)

Kb

X

10- 3

H-1

22.3

H-2

12.6

H-3

14.4

H-4

12.0

H-5

11.6

H-6

11.9

M-1

35.0

M-2

13.2

M-3

7.6

M-4

6.4

M-5

8.6

M-6

12.0

a H =head pectin; M =head and stalk (1:1; w/w).
b K = specific reaction rate per min.

a

Table 4.7

Reaction rate constants (K) for the demethylation of sunflower head (1977) pectins
with NH 0H under four demethylation conditions
4

DEMETHYLATION CONDITIONS
Extract
pH 10.8
4°C
Time
(Min)

K

X

Precipitate
1.0% NH 3
4°C
10- 3

Time
(hr)

K

X

10- 3

Precipitate
2.5% NH
3
4°C
Time
(hr)

K

X

10- 3

Precipitate
4.0% NH 3
4°C
Time
(hr)

K

X

10- 3

20

4.8

6

0.27

1

0.81

0.5

2.3

40

3.3

10

o. 16

2

0~87

1.0

1.9

60

3.7

12

0.10

4

0. 72

1.5

1.5

80

3.0

14

0.14

6

0.58

2.0

1.5

100

3.0

16

0.16

8

0.48

2.5

1.5

120

2.6

18

0.11

10

0.46

140

3.5

160

2.7

\.0

aK

= specific reaction rate per min.

......
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highest K value (4.8 x 10-3 ) although this was slower than the
lowest value in theM-series (Table 4.6).

Increasing the reaction

time from 20 tol60 min caused the mean K values to decrease in a
progressive fashion with the exception of the 140 min treatment.
The K values for the NH 40H demethylation reactions with pectin
precipitates ranged from 0.10 x 10-3 - 0.27 x 10-3 for the 1.0% NH 3
treatment, 0.46 x 10- 3 to0.81 x 10-3 for the 2.5% NH
1.5 x 10- 3 to2.3 x 10- 3 for the 4.0% NH

3

3

treatment and

treatment (Table 4.7).

The 4.0% NH 3 treatment had the highest K value, presumably due to
the higher Goncentration of NH •
3

In all cases, the K value

declined during the course of demethylation.

99
5.

5.1

DISCUSSION

Modification of rehydrated sunflower pectins with NH 0H
4
The H-series and M-series pectins resulting from rehydration

and subsequent demethylation with NH 0H under various conditions
4
(Table 3.1) exhibited wide variations in chemical composition and
gelation characteristics (Table 4.1).
The GA contents of the H-series and M-series pectins increased
as compared to values for the original H-0 and M-0 pectins

(~able

4.1).

This was due to removal of nonuronide materials and SHMP during the
rehydration and demethylation processes (Section 3.3).

The increases

·in GA content would have had a minimal effect (improvement) on the
gelation quality of the modified pectins, since the magnitude of the
increases was small ( 1.5%) and the initial GA contents were very
high (98.5 to 98.9%).
The DE content of the H-0 pectin (40.4%) was substantially
higher than that of the M-0 pectin (30.3%).

This difference was due

to the naturally lower DE content of stalk pectin ·(Lin et al., 1975).
The DE contents of both head and stalk pectins are dependent upon
the stage of maturity and tend to decline with increasing maturity
(Campbell et al., 1978; Lin et al., 1976).
In general, all demethylated pectins showed reductions in DE,
acetyl content and MW, and increases in AA and COOH groups.

The

magnitude of these changes was dependent upon the combined effect
of the several variables employed in each treatment (Tables 3.1 and
4.1).

For example, it appeared that treatments involving higher
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concentrations of NH 0H and longer reaction times resulted in greater
4
reductions in methoxyl groups (Table 5.1).

The degree of hydration

of the pectin particles also appeared to play a major role in
determining the rate of demethylation (or K value).

For instance,

the M-1, M-2 and H-1 pectins, which were demethylated at similar
concentrations of NH 0H, temperatures and reaction times but lower
4
ethanol concentrations as compared to other treatments, showed greater
reductions in DE content and higher K values.

At lower alcohol

(higher water) concentrations, the pectin particles would presumably
have been swollen (hydrated) to a greater extent and, therefore, have
permitted more rapid penetration of NH

3

into the pectin molecules.

As a result, the interior as well as the surface of the swollen pectin
particles would have been demethylated.

A less uniform demethylation

would also result when pectin particles were demethylated at higher
alcohol concentrations.

This effect was most pronounced in the

absence of alcohol, the M-1 treatment (pectin solution), where the
highest K value (35.0 x 10- 3 ) was observed.

A similar result has

been reported by Black (1970) who stated that large pectin particle
size and a low degree of hydration would result in slower reaction
rates and more demethylation of the outer layers of pectins.

In the

present study, the pectins were ground to pass a 60-mesh (Tyler) screen
prior to NH oH treatments, so particle size would not have been a
4
factor.

The K values for the H-4 and M-2 treatments, where similar

demethylation conditions with the exception of degree of hydration
were employed, were 12.0 x 10 -3 and 13.2 x 10-2 , respectively.

The K

value for the M-2 treatment would be expected to be greater than that

Table 5.1

Effect of reaction conditions on the demethylation of rehydrated pectins from 1976
sunflower heads and head-stalk mixtures

Reaction conditions
Reduction
in MWc
(%)

Kdx 10- 3

Sample

Normality of
NHAOH in
etlianol

H-1

2.5

30

12

23

16.2

8.0

49.4

20.1

22.3

H-2

2.5

50

12

18

7.2

7.2

30~6

28.4

12.6

H-3

2.5

50

12

20

10.1

4.4

43.6

21.4

14.4

H-4

2.5

50

12

22

9.2

3.6

38.7

32.1

12.0

H-5

2.5

50

12

25

10.2

3.9

38.2

29.9

ll:Q

H-6

2.5

50

12

30

12.1

2.9

24.0

29.4

11.9

M-1

3.0

0

12

20

15.7

9.1

59.9

14.2

35.0

M-2

2.5

12

12

22

7.6

5.6

73.7

28.6

13.2

M-3.

3.5

60

4

25

5.2

4.5

86.5

7.4

7.6

M-4

3.5

60

4

50

8.3

6.3

75.9

10.0

6.4

M-5

3.8

60

4

34

7.7

6.7

87.0

8.8

8.6

M-6

4.3

60

4

65

16.4

8.6

52.4

6.7

12.0

Ethanol
(%)

Temp.
(Co)

Time ADEa
(min) (%)

11AA/11DE X 100
(%)

~

0

a 11DE = change in degree of esterification •
b /1AA = change in acid amide groups .
c MW =molecular weight,
d
K =specific reaction rate per min.

/1AAb
(%)

~
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for the M-4, due to the higher degree of hydration in the former.
That such a small difference was observed might have been due to the
higher initial methoxyl content of the H-0 pectin (40.4%, Table 4.1)
which would have had more methoxyl groups susceptible to demethylation
as compared to the M-0 pectin (30.3%).
The acetyl contents of H-0 and M-0 pectins isolated from 1976
sunflower materials were 1.9 and 1.4%, respectively (Table 4.1).
Pippen et al. (1950) reported that the presence of acetyl groups in
pectins had a marked effect on gel-forming ability. However, Schultz
(1965) demonstrated that there was little influence on gel behaviour
if the acetyl level was under 1.0%.

Therefore, the gelation quality

of sunflower pectins might have been affected by the presence of
acetyl groups, although the effect was not evident.

As a result of

the NH 40H treatments, the acetyl contents were reduced considerably
(Table 4.1).

This reduction in acetyl content should have improved

the gelation characteristics of the pectins, although it was not
demonstrated in this study due to interactions between the several
variables studied.
The average MW of H-0 pectin (147,100) was considerably higher
than that of the M-0 pectin (122,200) (Table 4.1).

This difference

may be due to higher pectinesterase activity in sunflower stems during
plant maturation and field dehydration.

The reductions in MW were

much smaller for those NH 0H treatments which involved lower
4
temperature (4°C) and higher NH 0H concentrations (Table 5.1).
4
Doesburg (1965) reported that the alkaline break down of pectinic acids
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increases more rapidly with increasing temperature than does the
concurrent saponification of methyl ester groups.

Kim et al. (1978a)

also found that low temperature (3 0 C) and a higher concentration of
NH 0H (4.0N} were required to obtain an NH 0H-demethylated pectin
4
4
with relatively high MW.

It appeared that the low demethylation

temperature (4°C} used in this study was quite effective in controlling
the extent of depolymerization, although the demethylation rates were
also slower.

However, by using higher concentrations of NH 0H and
4

lower alcohol concentrations, a reasonable reaction
obtained.

~rate

might be

It is essential to limit the extent of depolymerization

since decreases in the MW of pectins are associated with decreasing
strength and firmness in the resulting gels (Kim et al., 1978b).
The extent of the increase in free COOH groups of the modified
pectins is dependent upon the extent of amidation of the COOH groups
released by the demethylation process.

If the addition of AA groups

was substantial, the resulting increase in total free COOH groups
would be similarly limited.

In the present study, a wide range in

amidation efficiency was observed as indicated by the

AA/ DE x 100

values resulting from various demethylation conditions (Table 5.1).
High amidation efficiency was associated with high concentrations of
NH 40H and a lower reaction temperature.

The major advantage of using

NH 40H as the demethylating agent is the addition of AA groups which
tie up a significant proportion of the released COOH groups and,
therefore, improve the sag and BP of the gels.

The

involvement of AA groups in hydrogen bonding may also contribute to
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improved gel characteristics (Black, 1970).

The distribution of

functional groups on the pectin molecules would also have been
randomized through the demethylation and amidation reactions.

The

randomization effect was achieved because these chemical reactions
are non-specific, in contrast to pectin methylesterase which
removes methyl groups progressively along the pectin chains.

The

H-6 treatment might have been expected to demonstrate the highest
amidation efficiency, since the highest concentration of NH 0H
4
(4.3N) and low temperature (4°C) were employed.

However, the

efficiency was only 54.2% as compared to values for other treatments
(M-2to M-5) of 75.9 to86.5%.

This was probably due to the long

reaction time (65 min) in that amidation efficiency might have
reached a maximum at an earlier time.
Curvilinear relationships were found between DE and both the sag
and BP values of the NH 0H-demethylated pectin gels (Fig. 5.1).
4

With

decreasing DE, decreases in sag were accompanied by increases in BP.
These results support the conclusion of Kim et al. (1978b) that DE
was the major factor influencing gel strength and firmness as
measured by the F/S ratio.

In general, pectin solubility was increased

and pregelation less evident during preparation of gels from the
NH 0H-treated H-series pectins (Table 4.1).
4

However, gels from the

M-series pectins still exhibited some pregelation, coarseness of
texture and lack of elasticity, although the sag and BP of
the M-series gels were improved to a greater extent than was the case
for the H-series gels.

These differences may be due to greater
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~
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Degre-e of esterification °/o

Figure 5.1

Effect of DE on sag and breaking pressure (BP) of
demethylated sunflower head (H-series) and head-stalk
(M-series) pectin gels.
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randomization of the distribution of methoxyl groups and fewer free
COOH groups in demethylated H-series pectins.

The higher level of AA

groups in the M-series pectins may also have contributed to the
the lower sag and higher BP
those of the H-series.

of the M-series gels as compared to

However, the extent of this contribution

as compared to the effect of lower DE content is not known. Although
lower DE or higher COOH content is associated with gels having lower
sag and higher BP values (Kim et al., 1978b), excess COOH groups
(over 60%) does decrease the solubility and increase the pregelation
of pectins, resulting in brittle nonuniform gels with poor elasticity
(Black and Smit, 1972a).

This pregelation problem is more pronounced

at higher pH levels due to the availability of a greater proportion
of ionized COOH groups to cross-link with Ca++ (Lopez and Li, 1968).
The data revealed that the M-series pectins had higher free COOH
contents(68.5 to 76.8%) than did the H-series pectins (64 .1 to 68.1%)
(Table 4.1), which would explain the greater susceptibility of theMseries pectins to brittleness and pregelation.
Some NH 0H-treated pectins were similar in chemical composition
4
with respect to DE, AA, COOH, acetyl content and MW, yet exhibited
wide variations in gel strength and firmness, and in gelation quality
(Table 4.1).

For example, the H-3, H-4 and H-5 pectins were quite

similar in chemical composition yet the corresponding F/S ratios for
their gels were 22.1, 25.1 and 18.3, respectively.

This variation

was likely due to differences in the distribution of functional groups
on the pectin molecules.

Similar results were observed by Hills et al.
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(1949) who compared enzyme-and acid-demethylated pectins with similar
composition where the nonrandom distribution of methoxyl groups in
enzyme-demethylated pectins was believed responsible for its inferior
gel forming ability and high sensitivity to Ca++.
It appeared that the NH 0H demethylation technique was useful
4
in improving the gelation characteristics of sunflower head pectins,
but to a lesser extent for the head-stalk due to its high percentage
of free COOH groups (69.1%, Table 4.1).

Further demethylation of the

head-stalk pectins would enhance the sag and BP of the
resulting gels. but would have a minimal effect on pregelation or the
brittleness and elasticity of the

gels~

Therefore, only sunflower

!

heads were used in the second phase of this study.
Although the demethylation conditions (2.~5N NH 0H in 50% ethanol,
4
12°C,l8to30 min 1 Table 5.1) employed in the H-2to H-6 treatments were
effective in improving the gelation quality of the sunflower head
pectin gels (Table 4.1), the efficiency of amidation (24.0 to43.6%)
as well as the reduction in MW (21. 4 to 32 .1%) were still far from
satisfactory (Table 5.1).

However, based on the results from the

M-series treatments (M-3 to M-5) higher concentrations of NH 40H
(3. 5 to 3. 8N) accompanied by a lower demethylation temperature (4 °G).
were effective in attaining higher amidation efficiency (75.9 to 87.0%)
as well as a lower degree of polymerization (7. 4 to 10. 0%) (Table 5 .1) •
Therefore, better results would have been obtained if higher
concentrations of NH 0H and a lower reaction temperature had been
4
used in the demethylation of sunflower head pectins.

For the M-3 to
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M-6 treatments, the lower K values (6.4 to12.0) resulting from using
low demethylation temperature (4°C) and higher alcohol concentration
(60%) would probably be improved by increasing the degree of
hydration of pectin particles.

5.2

Demethylation-of sunflower head (1977) pectins with NH 0H
4
during processing

5.2.1

Isolation of sunflower head (1977) pectins
0

Prior to pectin extraction, pretreatment with hot water (75 C)
was essential to remove water-soluble pectins, pigments and other
nonuronide materials (Fig. 3.1).

Although the hot water extract was

removed by vacuum filtration, complete dewatering could not be
achieved.

Thus, small amounts of water-soluble materials remained in

the raw material.

Therefore, pectins isolated from this water-washed

raw material contained small amounts of

water-sol~ble

pectin (low MW)

and pigments which would detract from the quality and color (Fig. 4.3)
of the gels.

The water-soluble

pectin fraction was reported to have

low gelling power, probably due to its low MW and nonrandom
distribution of methoxyl groups, although its DE content was only
slightly lower than that of the oxalate-soluble pectin fraction
(Campbell et al., 1978).

Therefore, the quality and color of sunflower

pectin gels could probably be improved considerably if the watersoluble fractions were to be more completely removed using an efficient
filtration system.

The removal of additional liquid by using a

cylinder press (Fig. 3.2) was unsuccessful due to the viscous nature
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of the residue.
To conserve alcohol, acid was used in the precipitation of pectin.
The acid-precipitated pectins ·had a soft, gel-like texture.
Presumably, ash (primarily SHMP) and other acid-soluble impurities
we~e

entrapped, therefore, within the pectin gels.

The purity of

the finished product has been shown to correlate well with the amount
of liquid that can be removed by mechanical pressing (Lin et al.,
1978).

Had alcohol been used to precipitate the pectin rather than

acid, more highly purified pectin precipitates would have been obtained
due to the more fibrous texture of precipitates from alcohol. Therefore,
acid should not be used in the precipitation of pectins unless a
very efficient pressing system is available.
the isolation of LM-pectins with acid,

A pilot plant study on

reported by Granham and

Shepherd (1953), showed that satisfactory pectins could be obtained
with heavy duty pressing

5.2.2

equipment.

Effects of NH 0H treatments on the ash and GA contents of
4
demethylated pectins
The ash content of the unmodified sunflower head (1977) pectin

(2.45%, Table 4.2) was quite high as compared to the value of 1.3%
reported by Lin et al. (1976).

This was due to the inefficient

pressing system employed in this study.

The lower ash contents of

the demethylated pectins (Tables 4.2, 4.3, 4.4 and 4.5) were due to
the additional processing associated with the NH 0H treatments.
4

The

variability of residual ash within each treatment was likely due to
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minor differences in the washing and pressing steps which were
difficult to standardize.
Since SHMP was used as the extractant in the isolation of
sunflower pectin, the majority of the residual ash was probably SHMP
(Lin et al., 1976).

High ash levels (22.8

~oj9.1%)

appear to have

adverse effects on the gel power of pectin (Lin et al., 1976; Sabir
et al., 1976).

The gelling power of pec·tin was increased by washing

with acidic alcohol to reduce the ash level (Lin et al., 1976). The
effect of 1

to~residual

ash attained in the present study on the

gelling behaviour of sunflower pectins is not known.

Since SHMP is a

sequestering agent, the availability of Ca++ for cross-linking between

++ by SHMP.

pectin molecules might be limited due to the binding of Ca

Additional Ca++ might have to be added to compensate for that bound
by SHMP.
In general, with the exception of the 4.0% NH

3

treatment, the GA

contents of the modified pectins from all NH 0H treatments (Tables
4

4.2, 4.3, 4.4 and 4.5) were higher than that of the control pectin
(94.9%).

Since ballast materials (nonuronide sugars) were removed

during NH 0H demethylation, and the amount was dependent on the length
4
of reaction time (Slavickova, 1961), the lack of consistent increases
in GA content for the 4.0% NH

3

treatment was probably due to the shorter

reaction times (0.5 to 2.5 hr) employed.

However, appreciable

increases in GA content were observed after the demethylation of
aqueous pectin (pH 10.8) which also involved short reaction times.
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This was likely due to the more efficient removal of non-GA
materials from pectin in solution rather than in precipitate form.
5.2.3

Demethylation of pectin extract with NH 0H (pH 10.8)
4
The chemical composition data revealed that a

progr~ssive

reduction in DE content occurred with increasing treatment time.
However, the majority of the amidation occurred in the first 60 min,
and extended reaction times resulted in little additional amidation
(Table 4.2). A similar trend was observed for the demethylation of
the H-series pectins (H-2 to H-6, Table 5.1).

These results indicate

that the rate of amidation declined a.fter a certain period of time
had elapsed.

Therefore, an optimum cut-off point for demethylation

may be at the peak of amidation efficiency.
The maximum amidation efficiency achieved was 56.7% (Table 4.2).
This contrasted with a value of 90% reported by Kim et al. (1978a)
for citrus pectin, and was likely due to the lower NH 0H concentration
4
used for demethylation in the present study.

Since optimum

demethylation condition was not achieved, more experiments should have
been conducted by varying the concentration of NH 0H and longer
4
treatment time.

The overall quality of the gels from the modified

pectins, as indicated by the F/S ratio (6.5 to 4.1), was much better
than that of the control gel (9.3).

The improved sag and BP of the

modified gels were attributed to the randomization of methoxyl groups
and the formation of AA and COOH groups during demethylation.
Although a similar demethylation efficiency was observed for the
pH 10.8 and the M-1 treatments (same reaction time- 20 min), as
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indicated by the values of 56.7% (Table 4.2) and 59.9% (Table 5.1),
respectively, the extent of randomization resulting from these two
treatments was

different.

The degree of randomization (as indicated

by the.changes in DE and AA contents) obtained by demethylation of
pectin extract at pH 10.8 (4°C, 20 min. Table 4.2) was lower than thatwhich
occurred in the M-1 treatment (pectin solution, Table 5.1) which
involved a higher concentration of NH 0H (3.0N) and a higher reaction
4
0

temperature (12 C).

This result indicates that higher NH 0H
4

concentrations tend to enhance the degree of randomization to a
greater extent, through greater reductions in DE and increased formation of AA groups.

A low reaction temperature was also found to

enhance amidation (Ehrlich and Cox, 1977)."

Therefore, high amidation

efficiency as well as a greater degree of randomization might be
achieved by using a high concentration of NH 0H and a lower reaction
4
temperature.

5.2.4

Demethylation with NH 0H of pectin precipitates
4
It was not known how easily NH

3

could penetrate the pectin

precipitates due to their "gel-like" texture.
be allowed for the NH

3

Sufficient time must

to reach the interior of the gel lump if

uniform demethylation is to be achieved.

The length of the reaction

time was also related to the concentration of NH 0H used.
4

Therefore,

three concentrations of NH 0H (1.0%, 2.5% and 4.0% NH ) and several
3
4
time intervals were used to determine the optimum conditionsfor
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demethylation of pectin precipitates.
The modified pectins resulting from the demethylation treatments
exhibited wide variations in chemical. composition and gelation
characteristics (Tables 4.3, 4.4 and 4.5).

In general, demethylation

.with a lower concentration of NH 0H required a longer reaction .time
4
to reduce the DE content to a given level.

Also, a high concentration

of NH 0H favored the formation of AA groups.
4

Similar results were

reported by Kim et al. (1978a) for the demethylation of HM-citrus
pectin.

These results indicated that NH 0H demethylation of pectin
4

precipitates (acid precipitation) was similar, at least in some
respects, to the demethylation of rehydrated pectin powders or pectin
extracts.
The 1.0% NH

3

treatment did not improve the sag of the

modified gels, although the BPs of the gels were superior to that of
the control (Table 4.3).

This was probably due to the marked reduction

in MW (Table 5.2) and the excess formation of free COOH groups due to
low amidation efficiency (Table 4.3).
slightly better than the 1.0% NH
efficiency

3

The 2.5% NH

3

treatment was

treatment in terms of.amidation

(Table 4.4), but the extent of reduction in MW was still

high (Table 5.2).

The sag and BP of the gels were both improved

substantially as compared to the control (Table 4.4).

This can be

attributed to the effect of randomization of the methoxyl groups and
the addition of AA groups.

For the 4.0% NH

3

treatment, there were

only small differences in free COOH content between the control and
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Table 5.2

Reduction in MWa under four demethylation conditions
during processing

Demethylation condition
pH 10.8
4°C

1.0% NH 40H
4°C

2.5% NH 40H
4°C

4.0% NH 0H
4
4°C

Time
(hr)

MW
Reduction
(%)

Time
(hr)

MW
Reduction
(%)

Time
(hr)

MW
Reduction
(%)

Time
(hr)

MW
Reduction
(%)

0.3

12.5

6.0

38.0

1.0

38.2

0.5

10.1

0.7

14.3

10.0

29.0

2.0

37.8

1.0

19.4

i.O

17.7

12.0

33.6

4.0

33.8

1.5

20.5

1.3

21.1

14.0

30.4

6.0

36.2

2.0

29.7

1.7

23.0

16.0

36.9

8.0

40.5

2.5

31.3

2.0

24.2

18.0

40.8

10.0

42.6

2.3

31.2

2.7

36.3

~=molecular w~ight.
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modified pectins, with the exception of the 2 hr treatment (Table 4.5).
Such small increases in free COOH groups were attributed to the
efficient amidation of COOH groups released by demethylation (Table
4.5).

These results indicated that high amidation efficiency could

be achieved by using a high concentration of NH 0H and a low reaction
4
temperature.

Thus, the randomization of methoxyl and COOH groups can

be accomplished without an appreciable increase in free COOH groups
or a marked reduction in MW.

This was very critical due to the high

COOH content of sunflower pectins (approximately 60%), since a
significant increase in COOH groups would enhance pregelation, resulting
in nonuniform'and brittle gels (Black and Smit, 1972b).

5.3

Preparation of sunflower pectin gels
Pectins isolated from the 1976 and 1977 sunflower crops differed

with respect to the pH required for gel formation (sections 4.1 and
4.2.1).

For pectins isolated from the 1976 crop, minimum sag and

maximum BP occurred at pH 4.3 whereas pH 3.0 was found to be optimal
for pectins isolated from the 1977 crop.

Lin et al. (1978) reported

that the maximum gel power of sunflower head pectins occurred between
pH 3. 0 and 3. 3, and the minimum at pH 3. 7 to 3.9. Gel power again
increased at pHs greater than 4.0.

Kim et al (1978c) reported that

minimum sag values occurred at pH 3.0 and 4.3, with a maximum point
of weakness at pH 3.8.
pH 4.3.

However, the BP was much greater at

It appeared that two pH optima existed for the sunflower

pectin gels, which was confirmed in this study.
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Pectins isolated from the 1976 and 1977 crops were quite similar
with respect to chemical composition (Tables 4.1 and 4.2).

However,

it was not possible to prepare uniform gels from sunflower head
(1977) pectins at pHs above 4.0 and this might be attributed to
a more severe nonrandom distribution of methoxyl and COOH groups.

At

higher pHs a greater proportion of the free COOH groups were in an
ionized

+f-

form, which enhanced the extent of cross-linkage with Ca

•

Therefore, if the distribution of these ionized COOH groups was
i-f-

nonrandom, pregelation would occur upon the addition of Ca
resulting gels would be very weak and possibly collapse
was extreme due to uneven gel formation.

•

The

if pregelation

During the preparation of

gels from the head (1977) pectins, a paste was formed after the
addition of Ca++.

This indicated that the pectin was extremely

sensitive to Ca++ and resembled enzyme-demethylated pectins (Joseph
et al., 1949).

This nonrandom distribution effect was minimized

after the pectins had been demethylated with NH 0H (Fig. 4.5).
4

It

appeared that the distribution pattern of functional groups in
sunflower pectins varied between years, depending on the extent of
degradation by natural-occurring methylesterase in plants and by
microorganisms.
the

Therefore, it is essential to inactivate or minimize

enzymatic activity in sunflower plants as soon as possible after

harvest.

This might be difficult to accomplish in commercial practice

because available drying equipment would likely be used to dry the
sunflower seeds rather than the waste head materials.

Thus, the heads
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and stalks may be left in the field for a period of time and pectin
quality would be downgraded due to enzymatic activity.
Lopez and Li (1968) reported that it was difficult to prepare
LM-pectin gels at pHs above 3.5 because of the formation of lumps
after adding the Ca++ salt.

They suggested preparing a homogenous

pectin solution with three-fourths of the apple juice while adding
Ca++ solution to the remaining one-fourth.
then mixed and brought to a boil.

The two solutions were

This technique was tried in the

preparation of head (1977) pectins, but was found to be ineffective.
Due to the sensitivity of sunflower pectins to Ca++ , dispersion
of Ca++ uniformly in pectin solutions was the major difficulty
encountered in the preparation of sunflower pectin gels, particularly
at high pHs.

The extent of Ca++ sensitivity may be reduced by

using Ca++ salts which solubilize slowly, such as calcium phosphate
monobasic (Joseph et al., 1949).

The addition of small amounts of

monvalent cations such as Na+ also curtailed the cross-linking
reaction of Ca++ and improved the solubility of LM-pectin in the
presence of Ca++ (Glicksman, 1969).

Due to a shortage of samples,

these methods were not employed in this study.

Thus, their affect on

the gelation quality of sunflower pectins is not known. However, if
the Ca++ could be dispersed more uniformly in the sunflower pectin
solution, the sag and BP, as well as the clarity of the gels, would
certainly be improved.
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6.

SUMMARY AND CONCLUSIONS

Sunflower plants were harvested in 1976 and 1977 for the study
of pectin extraction and modification.

Heads and stalks from the

1976 crop were used to determine the effects of demethylation on
rehydrated pectins.

Demethylation was also performed using pectin

extracts and pectin precipitates from heads of the 1977 crop.
The chemical composition of the sunflower materials harvested in
the two years appeared to be similar.

However, the pH optimum for

the 1976 pectin was 4.3 and that for the 1977 crop, 3.0.

It is not

known whether this variation in the optimum pH for gel formation was
due to the nature of the raw materials, stage of harvest, drying and
storage conditions, or other factors.

The gelation characteristics

of the head (1977) pectins were improved substantially, especially at
high pHs (above 4.0), through randomization of the methoxyl and COOH
groups and by addition of AA groups during the demethylation process.
In general, demethylation of rehydrated pectins (1976) resulted
in reductions in DE, acetyl content and MW, and increases in AA and
COOH groups.

The magnitude of these changes was dependent upon the

combined effect of the several variables (degree of hydration of
pectin particles, temperature, concentration of NH 0H and time)
4
employed in each demethylation treatment.

High demethylation rate

was associated with a high degree of hydration of pectin particles,
0

high concentration of NH 0H and high temperature (12 C).
4

The total

free COOH content was dependent upon the extent of formation of AA
groups.

High concentrations of NH 0H and low temperature (4 0 C)
4
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~ended

to promote the addition of AA groups to the COOH groups

released by demethylation, resulting in higher amidation efficiency.
Reductions in MW were slower at low (4°C) than at high temperature
0

(12 C) •.

There~ore,

randomization can be accomplished, with limited

formation of free COOH groups

~ue

to high amidation efficiency) and

reduction in MW, by using high concentration of NH 0H and low temperature.
4
Although the amidation efficiency achieved with the H-series
pectins (24.0 to 49.4%) was far from satisfactory, the gelation
characteristics (pregelation, brittleness and elasticity) were
improved substantially.

This indicated that the NH 0H demethylation
4

technique was useful for the improvement of the gelation quality of
sunflower pectins by promoting the random distribution of methoxyl
and COOH groups.
In the head-stalk mixtures, due to the high COOH contents which
promoted pregelation, the effect of NH 0H demethylation on the gelation
4
characteristics of head-stalk mixtures was less evident, although the
BP and sag of the modified gels were improved by decreasing the DE
contents.

However, NH 0H demethylation was not beneficial to the
4

gelation characteristics of pectins from head-stalk mixtures.
According to the literature, the presence of acetyl groups has
an adverse effect on the gelling quality of pectins. Therefore, the
reduction in acetyl content during the demethylation process might
have contributed to the improved gelation characteristics, although
it was not demonstrated in this study.

uo
It was found that the NH 0H demethylation technique could also
4
be carried out on either pectin extracts or pectin precipitates
during the isolation of pectins.

It would be more economical to

conduct demethylation during isolation rather than on rehydrated
pectin powders due to the extra purification and drying steps
involved in the latter procedure.

In general, by conducting NH 0H
4

demethylation during isolation, the resulting modified pectins had
lower ash and higher GA contents due to the extra purification steps
involved.

The chemical composition of the modified pectins was

altered in the same manner as was observed in the demethylation of
rehydrated pectins.

That is, the extent of amidation as well as

high amidation efficiency were associated with high concentrations of
NH 0H and low temperature.
4

The rate of amidation declined after a

period of time had elapsed.

Therefore, an optimum cut-off point

for demethylation may be at the peak of amidation efficiency.
Although high amidation efficiency va-ues were not attained in the
demethylation of pectin extracts, the gelation characteristics of
the modified gels were improved. However, more experiments should be
conducted to determine the optimum amidation efficiency. In the
demethylation of pectin precipitates, high amidation efficiency (100%)
was attained by using 4.0% NH

3

was less evident in the 1.0% NH

and 4°C.
3

The effect of randomization

treatment due to low amidation

efficiency, high COOH content and greater reduction in MW. The
inability of the pectins isolated from 1977 sunflower heads to form
coherent gels at pHs above 4.0 was likely due to the more severe
nonrandom distribution of methoxyl and COOH groups.

12t

Experiments should also be conducted to determine the effect
of removal of all the methoxyl groups through demethylation and the
resulting product might have some interesting properties.

The

potential of sunflower as a commercial source of 1M-pectins in
North America is not foreseen in the near future, since there is
no shortage of currently used raw materials (citrus peel and apple
pomace) at the present time.

However, more research is required

in areas such as preparation of sunflower pectin gels (ways to
disperse Ca++ uniformly), optimization of NH 0H demethylation,
4
incorporation of sunflower pectins into various food products, and
testing of head-stalk blends in food products where the formation
of coherent gel is not required (stalks constitute approximately
70% of total plant weight or 40% of total plant pectin) if the
isolation of sunflower pectin is ever to become commercially
attractive.
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