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The kinetics of de-esterification of high ester citrus pectin, using aqueous hydro-
chloric acid (HCI) solution or treatment with a mixture of ammonia in isopro-
panol were studied with respect to changes in methyl ester groups, molecular
weight, and the formation of acid amide groups. Acid demethylation using HCl
showed that higher concentrations of acid at low temperatures gave less depoly-
merization during de-esterification than when lower concentrations and higher
temperatures were used. In a series of NH,OH de-esterifications and amidations
using different ammonia concentrations at different temperatures, apparent
molecular weight was retained better with a certain decrease of ester groups, as
the temperature was lowered and the concentration of ammonia increased.

INTRODUCTION

Commercial pectins, mainly derived from citrus peel,
fall into two general groups: over 50% of the galactur-
onan units of high methoxyl or high ester pectins are
esterified with methyl alcohol, while less than 50% of
the carboxyl groups are esterified in low methoxyl
pectin. High ester pectins require large amounts of
sugar and low pH for gel formation, while low ester
pectins form gels with or without sugar in the presence
of divalent cations. They are, therefore, used in low
calorie or dietetic foods. Gels made from low ester
pectins are relatively stable during prolonged storage at
room temperature (Owens et al., 1949), and retain their
shape at higher temperatures (Joseph, 1955).

There are four different methods for the preparation
of low ester pectin from high ester pectin. They are: (a)
acid demethylation; (b) alkali demethylation; (c)
enzyme demethylation; and (d) ammonia in alcohol or
concentrated aqueous ammonia demethylation and
amidation.

Low methoxyl pectins produced by enzyme deme-
thylation have been found to be inferior to those
produced by other methods because of the non-
random distribution of methyl ester groups among
molecules of the pectin (Speiser & Eddy, 1946; Hills
et al., 1949), and because of the removal of very little
ballast i.e. non-uronide materials (chiefly galactin
and araban) (Kertesz, 1951). Acid demethylation

*Author to whom correspondence should be addressed.

191

removes ballast at high rates, leading to production
of pectins having a higher percentage of poly-
galacturonic acid (Hills et a/., 1949). The main
disadvantage of acid treatment is the slowness of the
reaction (Kersetz, 1951). It may be speeded up by
using higher temperatures, but this results in
increased depolymerization of the pectin chains
(Doesberg, 1965). Alkaline demethylation is rapid but
the removal of methyl ester groups is accompanied
by depolymerization of pectin chains (Kertesz, 1951),
and the rate of depolymerization increases faster than
the rate of demethylation as the temperature increa-
ses (Slavickova, 1961). Many workers showed that
the rate of acid demethylation proceeds at less than
0.01% of the rate of alkaline demethylation at
approximately the same temperature and concentra-
tion of reagents (Baker, 1948; Speiser et al., 1945;
McCready et al., 1944; Black & Smit, 1972).

The use of ammonia in alcoholic systems or in
concentrated aqueous ammonia systems results in a low
methoxyl pectin that contains amide groups. It has been
found that the percentage of amide groups in the pectin
play a positive role in gel formation (Rees, 1972), and
contribute to gel texture and strength (Kim e al., 1978;
Nelson, 1981). Demethylation of ammonia in alcoholic
systems or in concentrated aqueous ammonia systems
have a rate of reaction approximately half that of alka-
line demethylation (McCready et al., 1944; Black &
Smit, 1972).

In this study, attempts were made to determine the
best procedures to prepare low ester pectins using acid
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in alcohol or ammonia in alcohol. The kinetics of de-
esterification, depolymerization, and the formation of
amide groups was studied and related to the manu-
facture of the pectin.

MATERIALS AND METHODS
Sample preparation

Demethylated pectin samples were prepared from a high
molecular weight pectin. Pectin has been extracted from
lemon peel according to the method previously investi-
gated (El-Nawawi & Shehata, 1987) at a mild extraction
temperature of 70°C with aqueous hydrochloric acid
solution at pH 2.5 to avoid depolymerization of pectin
chains (Wiles & Smit, 1973). Pectin is then precipitated
with 70% acidified alcohol V/V to wash out electrolytes
and soluble non-pectin materials. The final precipitate is
then washed with 60% isopropanol V/V to remove
chloride ions, filtered, shredded, dried at 60°C and
ground to pass 60 mesh screen. The pectin prepared by
this method has 71.5% esterification and an apparent
molecular weight of 167 x 10°.

Acid demethylation

Acid demethylation may be carried out in suspension in
an organic solvent acid mixture as recommended by
Joseph (Kertesz, 1951), in a water-acid solution (Hills ef
al., 1942; Speiser et al., 1945) or in combination with the
pectin extraction procedure (Woodmansee & Baker,
1949). Black (1970) found that the distribution of
methoxyl groups and the solubility of the demethylated
pectin are not only dependent on the temperature and
concentrations used during demethylation, but also on
particle size and degree of hydration of the pectin. He
found that larger particle sizes would result in slower
overall reaction rates and further demethylation of the
outer layer.

In this experiment, samples of pectin having a mesh
size of 60 or less were first hydrated in distilled water
overnight before demethylation. After excess water was
removed by pressing, a series of pectin samples kept at
5°C were diluted to 6% concentration with 60%
isopropanol mixtures cooled to 5°C and containing 1,
3.5 and 4.5 N HC], respectively. The pectin solutions
were stirred continuously at 5°C during demethylation.
To investigate the effect of temperature on the deme-
thylation process, one pectin solution containing 1 N
HCI was stirred continuously at 30°C. Portions of the
reaction mixture were removed at intervals, precipitated
with alcohol, filtered, washed with 60% isopropanol
v/v until free of chlorides, pressed, dried at 60°C,
ground to pass 60 mesh screen and analysed for
carboxyl content, methoxyl content, apparent molecular
weight and moisture content.

Demethylation with NH,OH

A 60 g sample of purified dry pectin was rehydrated
overnight in distilled water. After excess water was
removed, stock pectin solutions of 1000 ml were made
by dissolving the hydrated pectin samples in water and
stored at 5°C. At the same time, 800 ml of NH4,OH and
isopropanol mixtures containing 1 2 and 4 N NH,OH
were prepared and stored at 5°C. After adjustment of
samples and solutions to the desired temperature,
NH,OH demethylation was started by mixing the
samples and solutions in Erlenmeyer flasks and
continuously stirring the reaction mixtures at 5°C. To
investigate the effect of temperature, two experiments
were carried out at 25°C with 1 and 2 N NH,OH
concentrations, respectively. Small portions of samples
were taken at different time intervals up to 160 min.
These samples were filtered immediately, and rapidly
washed with 60% isopropanol followed by 1 N HCI in
60% isopropanol. The filter cake was then stirred with
acid alcohol for 20 min to remove ammonia present in
the salt form. Samples were then washed with isopro-
panol, dried at 60°C, ground and analysed.

Analytical procedure

Methoxyl content, galacturonic acid content, moisture,
ash, amide level and apparent molecular weight by
viscosity were determined as previously described
(National Formulary, 1965; Nelson ez al., 1977; Smit &

‘Bryant, 1967).

RESULTS AND DISCUSSION
Acid demethylation

The decrease in ester content of the high ester pectin
during acid de-esterification at 5 and 30°C is shown in
Fig. 1. Low temperature treatments were chosen to
minimize molecular weight losses during acid demethy-
lation. Demethylation with high concentrations of acid
showed a tendency to slow down as the reaction
progressed. This could be due to the availability of
methoxyl groups in the pectin. With further demethyla-
tion, methyl ester groups are less available for reaction
and this will eventually slow down the reaction rate.
Table 1 shows reaction rate constants calculated for 120
and 200 h of acid demethylation at 30 and 5°C, respec-
tively, using a first order reaction.

1. Gy
K=-In2
PRl

where Cy is the initial degree of esterification and C is
the degree of esterification at time ¢ in minutes. The K
value obtained in this work at 30°C agrees favourably
with values reported by other workers in which different
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Fig. 1. Changes in per cent esterification during acid
demethylation of pectin.

conditions of temperature and acid concentration were
used e.g, 07x107 min”' at pH3 and 50°C
(McCready ez al., 1944), 0.190 x 10~° min~' at 30°C
with 087N HClI (Speiser et al, 1945), and
0.1 x 10~ min~" at 25°C with 1.4 N HCI (Black & Smit,
1972). The values obtained in this work at 5°C are much
lower than the above reported data; this may be due to
the low temperature used for demethylation, but they
agree well with those obtained by Kim e al. (1978), e.g.,
0.048 x 10 min~' at 3°C with 3.5 N HCl and
0.061 x 107 min™" at 3°C with 4.5 N HCL. Figure 2
shows the decrease in apparent molecular weight during
acid demethylation. It was found that treatment with
higher concentrations of acid caused more depolymer-
ization in a given time. Apparent molecular weight was
plotted against the per cent esterification (Fig. 3). At
5°C and low ester levels, higher concentrations of acid
appeared to result in low apparent molecular weight
losses. This figure also shows that apparent molecular
weight decreases as de-esterification progresses.

NH4OH Demethylation

Figure 4 shows the changes in per cent esterification of
samples during NH,OH treatment. Treatment with
4.0 N NH4OH at 5°C produced the fastest reaction rate
and this reduced esterification from 75.5% to 26% in
200 min. The reaction rate constants were calculated on
the basis of 200 min demethylation, using the formula
for a first order reaction (Table 1). These results show
very similar reaction rates for treatments with 4.0 N
NH,OH at 5°C and 1.0 N NH,OH at 25°C with K
values of 5.13 x 107% and 4.76 x 1073 min~}, respec-
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Fig. 2. Changes in apparent molecular weight during acid
demethylation of pectin.
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Fig. 3. Changes in apparent molecular weight and per cent
esterification during acid acid demethylation of pectin.

tively. A higher reaction rate was observed with 2.0 N
NH,OH at 25°C than with 2.0 N NH;OH at 5°C.
McCready et al. (1944) reported K values of
5% 107 min~' for NH,OH demethylation at pH 11 at
15°C which is within the range of K values obtained in
these experiments. Kim e al. (1978) reported K values
of 3.66x 107 min~' at 3°C and 20N NH,OH,
7.704 x 10 min™' at 3°C with 40N NH,OH,
1.58 x 10° min™' at 15°C and 10N NH,OH,
3.798 x 10 min~' at 15°C and 2.0N NH,OH,
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Fig. 4. Changes in per cent esterification during ammonia
demethylation and amidation of pectin.

Table 1. Specific reaction rate constants

Demethylation Temp (“C) Time K (x10 ¥ min™"
procedure

1 N HCI 30 120 h 0.123
1 N HCI 5 200 h 0.016
3N HCl 5 200 h 0.048
4.5 N HCI 5 200 h 0.071

1 N NH,OH 5 200 min 0.9462
2 N NH,OH 5 200 min 2612
4 N NH,OH S 200 min 51375
1 N NH,OH 25 200 min 4.766
2 N NH,OH 25 200 min 29713

1.967 x 107> min™' at 23°C and 0.5 N NH,OH and
7.303 x 107> min~' at 23°C and 1.5 N NH4OH. These
values are different from those reported in Table 1, but
it should be recognised that differences in starting
material, experimental conditions and the presence of
cations will all have an effect on the rate of demethyla-
tion (Merill & Weeks, 1946; Slavickova, 1961). A much
higher value for K (25.1 x 107 min~') was given by
Black & Smit (1972) for the treatment of pectin solution
at pH 11 and 5-7°C. The major reason for this is
probably the fact that demethylation was carried out in
solution and that methoxyl groups were more accessible
to the ammonia.

The apparent molecular weight during NH,OH
treatment was plotted against time (Fig. 5). After
200 min, the treatment with 4.0 N NH,OH at 5°C
reduced the apparent molecular weight by only 40 x 10°
from the original value of 167 x 10° while the loss with
1.0 N NH,OH at 25°C was approximately 76 x 10%.
Comparing the molecular weight loss between treat-
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Fig. 5. Changes in apparent molecular weight during ammo-
nia demethylation and amidation of pectin

ments having the same concentrations of NH,OH and
very similar K values, 2.0 N NH,OH at 25°C caused
98 x 10 reduction in apparent molecular weight while
2.0 N NH,OH at 25°C reduced it by only 27 x 10* for
nearly the same reduction in per cent esterification. This
agrees with Doesberg’s statement (1965) that the alka-
line breakdown of pectinic acids increases more rapidly
with increasing temperature than does the concurrent
saponification of methyl ester groups.

Figure 6 shows the increase in acid amide content
during NH4OH demethylation and amidation.
Formation of amide groups was most rapid on treat-
ment with 4.0 N NH,OH at 5°C. In this treatment,
more than 30% of the total groups were converted to
amide groups in 120 min. This treatment was followed
by 2.0 N NH4,OH at 5°C, 1.0 N NH,OH at 5°C, 1.0 N
NH4OH at 25°C and 2.0 N NH4OH at 25°C. From the
data it was not clear, however, how temperature and
ammonia concentration alone affect the rate of amide
formation. As the temperature decreased and the
NH,OH concentration increased, the apparent mole-
cular weight losses decreased. The most rapid depoly-
merization was observed on treatment with 1.0 N
NH,OH at 25°C, which was the lower concentration
of NH4OH and the higher temperature used. From a
practical point of view, higher concentrations and
lower temperatures during NH4OH demethylation
would be recommended to minimize apparent mole-
cular weight losses. A similar effect of temperature and
concentration of NH,OH was observed when the
increase in acid amide and decrease in apparent mole-
cular weight were compared. De-esterification with
4.0 N NH,OH at 5°C gave a maximum formation of
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Fig. 6. Changes in pectin acid amide groups during ammonia
demethylation and amidation of pectin.

amide groups with a minimum loss in apparent mole-
cular weight. Further, with an increase in temperature
and a decrease in NH4OH concentration, the increase
in amide levels was small in relation to the accom-
panying decrease in apparent molecular weight.

CONCLUSIONS

Acid demethylation using HCl showed that higher
concentrations of acid at low temperatures gave less
depolymerization during de-esterification than when
lower concentrations and higher temperatures were
used. In a series of NH4OH de-esterifications and
amidations using different ammonia concentrations at
different temperatures, apparent molecular weight was
retained better for a certain decrease of ester groups,
and the conversion of methoxyl groups to acid amide
groups increased as the temperature was lowered and
ammonia concentration increased. A long acid treat-
ment followed by a short NH4OH demethylation would
result in maximum retention of apparent molecular
weight and low acid amide levels in the final product.
To obtain a high amide level and also a relatively high
molecular weight, higher concentrations of ammonia at
low temperatures are required.

REFERENCES

Baker, G.L. (1948). High polymer pectins and their deester-
ification. In Advances in Food Research, eds EM. Mark &
G.R. Stewart, p. 395.

Black, S.A. (1970). Preparation, grading and gelling. In Char-
acteristics of low-methoxyl pectins. M.Sc. Thesis, Univer-
sity of Georgia, Athens, G.A., p. 57.

Black, S.A. & Smit, C.J.B. (1972). The effect of demethylation
procedure on the quality of low-ester pectins used in dessert
gels. J. Food Sci., 37, 73.

Doesberg, J.J. (1965). Some important characteristics of pectic
substances. In Pectic Substances in Fresh and Preserved
Fruits and Vegetables. Institute for Research on Storage
and Processing of Horticultural Products, Wagengen, The
Netherlands, p. 21.

El-Nawawi, S.A. & Shehata, F.R. (1987). Extraction of pectin
from Egyptian orange peel. Factors affecting the
extraction. Biol. Wastes, 20, 281-290.

Hills, C.H., Mottern, H.H., Nutting, G.C. & Speiser, R.
(1949). Enzyme-demethylated pectinates and their gelation.
Food Technol., 3, 90.

Hills, C.H., White, W.W. & Baker, G.L. (1942). Low-sugar
gelling pectinates. Proc. Inst. Food Technol., p. 47.

Joseph, S.H. (1955). Pectin substances in the food industries.
Adv Chem, 12, 49.

Kertesz, Z.1. (1951). Pectic Substances. Interscience, New
York, p. 94.

Kim, W.J., Roa, V.N.M. & Smit, C.J.B. (1978). The effect
of chemical composition on compressive mechanical
properties of low-ester pectin gels. J. Food Sci., 43, 572-
575.

Kim, W.J., Smit, C.G.B. & Rao, V.N. (1978). Demethyla-
tion of pectin using acid ammonia. J. Food Sci., 43, 74-
78.

McCready, R.M., Owens, H.S. & Maccaly, W.D. (1944).
Alkali-hydrolyzed pectins are potential industrial products,
Part 1. Food Ind., 16, 794.

Merill, R.C. & Weeks, M. (1946). Kinetics of the deesterifica-
tion of pectin. J. Phys. Chem., 50, 75.

National Formulary (1965). American Pharmaceuticals,
American Pharmaceutical Association, Washington, DC,
12th edn, p. 921.

Nelson, D.B. (1981). Gel characteristics of intermediate amide
pectins. Proc. Int. Soc. Citriculture 1981, 2, 934-936.

Nelson, D.B., Smit, C.G.B. & Wiles, R.R. (1977). In
Commercially Important Pectic Substances, ed. H.D.
Grahm. AVI, Westport, Connecticut, U.S.A., pp. 418-
437.

Owens, H.S., McCready, R.M. & MaClay, W.D. (1949).
Gelation characteristics of acid precipitated pectinates.
Food Technol., 3, 77.

Rees, D.A. (1972). Polysaccharide Gels— A Molecular View.
Chem. and Ind, London, 630-636.

Slavickova, A. (1961). The reaction of pectin with ammonia in
the presence of calcium salts. Food Technol., 5, 73.

Smit, C.G.B. & Bryant, E.F. (1967). Properties of pectin frac-
tions separated on diethyleiminoethy-cellulose columns. J.
Food Sci., 32, 197.

Speiser, R. & Eddy, C.R. (1946). Effect of molecular weight
and method of de-esterification on the gelling behavior of
pectin. J. Am. Chem. Soc., 68, 287.

Speiser, R., Eddy, C.R. & Hills, C.H. (1945). Kinetics of
deesterification of pectin. J. Phys. Chem., 49, 563.

Wiles, R.R. & Smit, C.G.B. (1973). Method for producing
pectins having high resistance to breakage and high
capability for gelling in the presence of calcium. U.S.
Patent. No. 3, 622, 659.

Woodmansee, C.W. & Baker, G.L. (1949). High polymer,
acid-demethylated pectinates and their gelation. Food
Technol., 3, 82.



