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ABSTRACT

The pectic substances of orange peel and prickly pear
were extracted. The effect of hydrogen ion, calcium and
sucrose = concentrations on viscosity and hence ability
to form gel from dilute solutions was studied. The addition
of calcium ions to the dilute pectin solutions tends to
form non sugar gels, while excess of calcium ions caused
precipitation (not gelation) and synersis usually occurred.
Maximum vicosity of pectin was attained at pH 2.55 for
both types of pectins. There was a positive relationship
between sucrose concentration and viscosity of dilute pectin
solutions. Besides, any increase in pectin concentration
(orange peel and prickly pear pectin "B") required a propor-
tional decrease in the added sugar and vice versa to obtain
the same colloidal character of the resulting gel. Prickly
pear "fraction B" and orange peel pectins can be used to
form firm gel, while prickly pear pectin "A" can be used
in the purposes which require low content of anhydrogalac-
turconic acid (A.G.A.). '

INTRODUCTION

Polysaccharides are used widely in the food industry
to creat gels in aqueous phase (Glicksman, 1969%9) in addition
to that the most important commercial property of pectins
is their ability to form gels.

Heneglein (1950), Pilnik (1964), Smit and Bryant (1968)
and Sarhan (1975), have studied’  the relationship between
acidity and Jjelly formation. Since viscosity of a pectin
solution affects its jelly grade, the effect of hydrogen
ion concentration on the viscosity of pectin solutions
was investigated in this study.
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The manufacturing of either low sugar jellies or non
sugar jellies for persons sufferizy from diabetus depends
mostly upon the reaction between calcium ions and carboxyl
groups of low ester pectins (Lopez and Li-Hsing-Li, 1968).
Therefore, the effect of calcium ion on the relative visco-
sity in this study was carried out.

Schweiger (1964), Kohn & Furda (1967); Rees (1972)
and Arnott et al. (1982), reported that the binding of
divalent ions involved the carboxyl and hydroxyl groups
and that both inter and intramolecular chelates were formed.

Pectins is usually graded according to sugar carrying
power (Sarhan, 1975). Therefore, sugar is considered a
limiting factor in grading pectin from the economical and
technological view points. Moreover, it is necessary to
study the effect of sucrose concentration on viscosity
of a pectin solutions.

MATERIALS AND METEODS

The pectic substances under investigation were isolated
from two sources. The first source was the prickly pear
(Opuntia ficus indica) plnat and the second source was
the sweet orange (Citrus sinensis) variety (Baladi). The
modified stems (leaves) of prickly pear and the orange
peel were obtained from the experimental station of the
Fac. of Agric., Moshtohor, Zagazig University.

Isolation of orange peel pectin (Baladi variety) was
carried out according to the method reported by Aspinall
et al. (1968), Prickly pear pectins (Fraction "A" and
Fraction "B") were isoclated according to the method of
Khalifa (1968).

The forementioned polysaccharides were purified by
redisolving in water and the solution was centrifuyed to
separate insoluble materials then treated with ethyl alcohol
to precipitate polysaccharides. These polymers were washed
three times with a mixture of 70% ethyl alcochol and 30%
dimethylformamide (Shalom et al., 1984) to solubilize hesperi-
din and other flavonoids which may be bound tightly to
these polymers. After that the polysaccharides were washed
with chloroform and methanol 1:1 followed by ethyl alcochol,
acetone and finally with diethyl ether. Chemical and physical
properties and the information about the chemical structural
features of these polymers were carried out according to

Saad (1985).
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Estimation of viscosity was carried out using an Ostwald
capillary viscometer placed vertically in a water-bath
maintained at 27°C+0.5°C. Measurements were made triplicate
or more to obtain reliable measurements.

The relative viscosity was calculated according to
the following equation:

Flow time in seconds for
/7 the solution
( r)=

Relative viscosity
Flow time in seconds for

the solution Sylye..t

Tridistilled water (produced by distillation of water
in presence of potassium permanganate 3 times in all pyrex
glass appartus) was used as a solvent.

RESULTS AND DISCUSSION

A- Effect of calcium ion concentration:

The relative viscosities were plotted against calcium
ion concentration of pectin solutions. The results are
shown in table (1) and Figure (1), these results indicate
that a gradual increase in the relative viscosities with
the increase in calcium ion concentration for the different
types of pectins. However, a sharp increase in tel viscosi-
ties of orange peel and prickly pear "Fraction B" pectin
solutions occurred when the concentration of calcium ions
was increased from 6 to 11 mg per 100 ml. pectin solutione
A further increase in Ca*t ions caused gel formation with
unmeasured realtive viscosities. The excessive addition
of ca*t ions more than 12.5 mg/100 ml. (containing 0.1
g. pectin) caused the precipitation of pectin since obovious
weeping "synersis" was noticed. While in case of prickly
pear pectin "Fraction A" it has been noticed a gradual
increase in relative viscosities until 15 mg calcirm ions/100
ml. pectin solution. The low values of relative viscosities
of prickly pear pectin "A", compared with others, may be
attributed to the differentiation in chemical structures,
especially, anhydrogalacturonic acid content (A.G.A.) which
amounted to 78%, 73% in orange peel and prickly pear
"Praction B" pectins while prickly pear "Fraction A" contai-
_ned 27%, respectively (Saad, 1985).

The increase in the relative viscosities of pectin
solutions upon addition of minute amounts of calcium ions
may be due to the electrostatic attraction between the
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particles of pectin and calcium ions leading to an increase
in aggregation of the particles. Such conclusion was earlier
reported by Schwiger (1964) and Kohn and Furda (1967, 1968).
Rees (1972) and Arnott et al. (1982), suggested the optimum
binding of catt using model building as showing in Fig.
(ITIa, b).

. The addition of calcium ions in higher amounts than
those responsible for gel formation caused precipitation
(not gelation) followed by settling of calcium salt from
solution and hence, synersis occurs, Pilnik (1964).

Therefore, it could be advised that the addition of
calcium ions to pectin must be carried out accurately and
it is preferable to estimate the calcium requriements for
each sample for obtaining gel with suitable characteristics.

b- Effect of hydrogen ion concentration:

The results reported in table (2) and Fig. (IIIa,
b) show the effect of hydrogen ion concentration on the
relative viscosities of orange and prickly pear pectins.
From these results, it could be observed that there is
no great change in the relative viscosities with increasing
hydrogen ion concentration from the initial pH (3.25, 3.14)
for orange peel and prickly pear "Fraction B" pectins
to pH 2.55. On the other hand, an appreciable decrease
in the viscosities of pectin solutions occurred when hydrogen
ion concentration was increased above the optimum pH (2.55).
In case of prickly pear pectin "Fraction A" there is a
gradual increase in the relative viscosities with the
increase of ion concentration. Also, the optimum pH was
2.55.

The increase in the relative viscosities with increasing
the hydrogen ion concentration of pectin solution might
be due to the effect of hydrogen ions in lowering the dissoc-
iation of pectinic acid solutions which reduced the particles
charge '(common ion effect) and increased the tendency of
molecules to form hydrogen bonds. This leads to either
aggregation or swelling of pectin molecules, accompanied
by an increase in the relative volume occupied by the disper-
sed pectin which favours the increase in the viscosity.
Similar explanation was offered by Heneglein (1950). However,
the decrease in the relative viscosity of pectin solution
with increasing hydrogen ion concentration (beyond the
optimum pH) was explained by Pilnik (1964). The former
author believed that the decrease in viscosity with increa-
sing hydrogen ion concentraion was most likely due to change
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in the physical conditions of the pectin {such as the disper-
sion and hydration), while Pilnik (1964), attributed the
drop in viscosity with increasing the hydrogen ion con
centration to the more rapid aggregation of molecules tending
to precipitate and hence, weeping (synersis) would occur.

Oon the other hand, it appears that the addition eof
base caused a decrease in viscosity for the different types
of pectins under this study. This observation might be
due to the effect of sodium ions (from NaOH) replacing
the hydrogen ions of pectin carboxylic groups and this
lowering the possibility of hydrogen bonds formation
(Heneglein, 1950). Also hydroxyl ion would cause deesterifi-
cation of pectin, forming insoluble pectate (Neukom & Deuel,
1958 and Neukom, 1963).

c- Effect of sucrose concentration:

In this experiment, the relative viscosities for orange
and prickly pear pectins were estimated and plotted against
sucrose concentration. The results are recorded in table
(3) Fig. (IV). From these results, it has been observed
that the relative viscosities of 0.1% pectin solutions
of orange peel and prickly pear “Fraction B" increased
gradually with the increase in sucrose concentration, till
the concentration of sucrose reached to 30% (orange peel
pectin) and 35% (prickly pear pectin, Fraction B), where
a sharp increase in viscosities of pectin solution occurred,
the increase in sucrose concentration more than 45% (orange
peel pectin) and 40% (prickly pear pectin, Fraction B)
caused unmeasured increase in the relative viscosities
of 0.1% pectin solution, this is due to gel formation.

The effect of sucrose on the relative viscosities
of pectin solutions might be similar to its effect on the
colloidal character of jelly which was explained by Jackman
(1983), who reported that the polyhydroxy compounds (such
as sucrose) form hydrogen bridges between the pectin moleu-
ules and stablize the structure i.e. the sucrose molecules
act as bridges 1linking between molecules. The same data
also indicated that the increase in pectin cocnentration
from 0.1% to 0.2% reduced the amount of sugar required
to that obtain the same viscosities. This observation might
be due to the increase in pectin concentration would increase
the number of carboxyl groups, which in turn could contribute
to hydrogen bonding and so the effectiveness of added hydro-
gen bonding agents increased and hence, less sugar was
needed to form jellies. Similar explanation was mentioned
by S0lms (1960) and Sarhan (1975). It could be concluded
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Relative viscosity (7r b)
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Fig.(IV) , The effect of sucrose con-

centration on the relative viscosities
of 0.1 and 0,2% solutions of orange peel
(0+P.P.) , prickly pear “A"(P.P.P.F.])and
prickly pear “B"(P.P.P.FZ) pectins
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that at a definite volume, the increase in pectin concentra-
tion requires a poportional decrease in the added sugar
and vice versa to obtain the colloidal character of the
resulting gel.

Oon the other hand, in case of prickly pear pectin
"A" it has been noticed that a gradual increase in relative
viscosities occurred with the increase of sugar concentration
£ill a concentration of 65%, then unmeasured increase
occurred at 70%, since gel has been formed. Also, there
is no great change in viscosities between 0.1% and 0.2%
of pectin solutions, not .similar, as observed in prickly
pear "B" and orange peel pectin. This observation may be
due to the high content of anhydrogalacturonic acid (A.G.A.)
and high contnet of methoxyl groups (7.7, 9.01%) of prickly
pear "B" and orange peel pectins while prickly pear pectin
"A" contained a low content of A.G.A. and also low content
of methyoxyl groups (2.06) as reported before (Saad, 1985).

Finally, it could be concluded that orange peel and
prickly pectins "B" are suitable to from firm gel under
suitable conditions. While prickly pear pectin "A" can
be used in the purposes which require a low content of
A.G.A. and methoxyl content such as some medical purposes.

REFERENCES

Arnott, S.; Walkingohaw, M.D. and Smith, P.J.C.  (1982):
"Food carbohydrates" AVI publishing company. ING,
Westport, Connecticut.

Aspinall, G.O.; Jiang, J.W.T. and Whyte, J.L. (1968): "Lemon
peel pectin, part I, fractionation and partial hydro-
lysis of water soluble pectin" Carb. Res. 7, 442-452,

Glicksman, M. (1269): "gum fechnology in Food Industry"”
Academic Press, New York.

Heneglein, F.A. (1950): "Evaluation of commercial pectins
and their products by gelling capacity". 2. Lebsensm,
Untersuch Forsch, 90, 417 Cited in, Chem. Abst. 44,

8559b (1950).

'

Jackman, A.M. (1983): '"The investigation of the influence
of primary structure on the properties of pectin®.
Ph.D. Thesis, Leeds Univ., U.K.



The effect of hydrogen ions, calcium and sucrose 1165

Khalifa, A.A. (1968}: "The polysaccharides content of
~ Opuntia ficus indica, Prickly pear". M.Sc. hezis,
Fac. of Agric., Cairo Univ.

Kohn, R. and PFurda, I. (1967): "Introduction of calcium
and potassium ions with carboxyl groups of pectins"”.
Collect. Czech. Chem. Commun., 32(12), 4470-4484.

Kohn, R. and PFurda, I. (1968): "Binding of calcium to
carboxyl groups of pectin” Zucker 21, 17, 468-475.

Lopez, A. and Li-Hsing-Li (1968): "Low methoxyl pectin
apple gels" Food Techol., 22(8), 1023-1028.

Neukom, H. and Deuel, H. (1958): Chem. Ind. (London),
683.

Neukom, H. and Deuel, H. (1963): "Degradation of pectic
substances" Schweiz. Landwirtsch Forsch., 2, 112-122
Food Techol., 4, 370-375.

Pilnik, W. (1964): Voedings Midd. Technol., 2: 11.

Ress, D.A. (1972): "Shapely polysaccharides”. Biochem.
J., 126: 257.

Saad, S.M.M. (1985): Ph.D. Thesis, Fac. of Agric.,
Moshtohor, Zagazig Univ.

Sarhan, M.A. (1975): "Physical, chemical technological
studies on pectic substances of onion wastes". Ph.D.
Thesis, Fac. of Agric., Cairo Univ.

Schweiger, R.G. (1964): "Metal chelates of pectate and
comparison with alginates™. Kolloid. Zeitschrift,
Food polymers, 208, 28-31.

Shalom, N.B.; Pinto, R.; Shomer, I. and Beran, M. (1984):
"Contribution ©No. 1044, E. in 1984 Series" Agric.
Res. Organization. The Volcanic centre, Bet Dagen.

Smit, C.J. and Bryant, E.F. (1968): "Ester content and
Jelly pH influence on the grade of pectins". J. Food
Sci., 33: 262-264.

Solms, J. (1%60}: Adv. Chem., Series, 25: 37-44.



Ao Slly pomadtSI — o aa=dt sl S el

S pandl Sl pmlly JUBE Il S oS Jdoe 25

.).n__._—-éwviha.ac)l_‘a
e £ — e '&.:f_,_',J'K,.J-S—,_,éI_)}lI‘,‘L_‘,.a,-SJIr.J

L

e IEENEYE I

o=Saadl omll 3, 5ol Olimdly JUBE ol ) 525 0 bSO godl candizind
DSy — r.’-““J‘sJ' agl oo JS S,y abgent a2,0 seole ooy saedl
1 e J upSad g1 a2l a3 Rl 22 oy il an 01 e

. bmmaydynSs iasl e PN |

iy JUiE ol 93 e S Lo P LSI el B8L31 Ol a2y 355
Lol g arls b S OF G Gl el B 7 " Syl

sl i o gLl Gale el wday S wsl I

adle ol eS,s BBLIS) piy Ja oS3 pas Bmpd "I S5l pend) oS B
ih Sy e Y Y00 Sylus el dogartl 2,0 of w2y ¢ predSt e
Sty auSedl S Wlem af CLL_"_‘.JIW_,f a5y (Sl el peSey JU2
[ " oSaidl penlly JUazl 25 ) e S5 B3l WSSy Gl G250
Sl o St s fdl g3l 3 b ade B3l 6ol

Sl e el el S )l g > o B3l eSS i APIPEN Y |
P Syl gl iy Lel 635 Jr oSS el ol Bl G et GSsd

o bl BV S s Jo wdbs NS YIS L P aol a3l HSanmd



