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of the pectin molecule, showing the polygalacturonide chain and the methylated
carboxyl groups. This diagram is not intended to present any theories or raise
any controversy regarding the actual structure of the pectin molecule. Pectin
refers to the polygalacturonide substance which has all or nearly all of the
carboxyl groups methylated, as is shown in the top portion of the diagram.
If all of the methyl ester linkages are hydrolyzed, the substance formed would
be called pectic acid. The entire group of substances intermediate between
highly esterified pectin and the completely de-esterified pectic acid are called
‘‘pectinic acids.”” The salts of these acids are called pectinates.

Pectinic acids vary in composition and properties depending upon the pro-
 portion of methyl ester groups present. Because of their greater acidity, they
have a stronger tendency toward salt formation than pectin and are readily
precipitated from aqueous solution by salts of metals of the alkaline earth
group. The precipitates are somewhat gelatinous and, if the reagents are
brought together under certain conditions, instead of a precipitate, a stable
gel is formed. The formation of gels relatively independent of sugar concen-
tration is in eontrast to the ordinary pectin-sugar-acid type of fruit jelly, hence
the term ‘‘low-sugar jellying pectinate’’ has been used for the pectinate prep-
aration which yields this type of gel. Obviously the alkaline earth to consider
in making edible gels is calcium.

Studies by Baker and Goodwin (1941A) on the effect of demethylation of
pectin on 65-percent sugar jellies brought out the faet that pectinic aeid could
be used with the addition of calcium salts to produce gels in the absence of
sugar. This appears to open up a mnew field of uses for pectic substances,
especially in the manufacture of processed jellied fruit, vegetable salads and
desserts.

Ordinary unstandardized pectin of commerce contains from 9.5 percent to
11 percent of methyl ester (CH;0) on an ash- and moisture-free basis. If the
degree of esterification is reduced to about 7.5 percent CH,O the resulting
pectinic acid will be precipitable by calcium. However, pectinic acids with
such a high methyl ester content do not form stable calecium pectinate gels.
Pectinic acids esterified to the extent of 3.5 percent to 6.0 percent methyl ester
appear to be the best for preparing gels. At lower degrees of esterification the
pectinic acid assumes more of the character of pectic acid and is difficult to
dissolve. '

There are three general reagenis which may be used for demethylating
pectin: (1) acid, (2) alkali, and (3) the enzyme pectase. There are several
patents relating to the acid treatment of peetin and its source materials.
Nearly all of these patented procedures aim at either altering the setting time,
ie., making a slow-set from a rapid-set pectin,' or making the pectin precipi-
table with caleium as a means of facilitating its recovery from solution.? Baker
and Goodwin (1941) treated apple pomace with acid at pH 1.45 and 56 deg. C.
for 72 hours to produce a pectinic acid which formed a stable gel with caleium.

In any successful demethylation procedure the reagents and conditions used
must be such that there is no appreciable depolymerization of the polygalac-
turonide chain. Alkali is a very efficient demethylating agent but it causes
such extensive degradation of the pectin molecule that it cannot be used for

* Joseph, G. H., U. S. Patent 2,061,158 (Nov. 17, 1936); Cole, G. M., and Cox, R. E,,
Ibid. 2,109,792 (March 1, 1938); Joseph, G. H., Ibid. 2,273,527 (Feb. 17, 1942).

2 Wallerstein, L., U. 8. Patent 2,008,999 (July 23, 1935); Olsen, A. G., and Stuewer, R.,
Ibid. 2,182,577 (Oct. 11, 1938).
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LOW-SUGAR JELLYING PECTINATES

making pectinates of high jelly strength. Mnookin (1941) wused alkaline
demethylation, but gels formed at an alkaline pH are not comparable to the
acid gels discussed here.

We are not aware of any mention in the literature of any process utilizing
pectase for the production of pectinates for use in jellies. References to pectase
in the patent literature prior to about 1926 describe the use of the pectin
degrading enzyme which, in accordance with the present accepted nomencla-
ture, should be called ‘‘pectinase.’’

METHODS OF PREPARATION

Pectinates may be prepared commercially by two different methods: (1)
acid-demethylation, and (2) enzyme-demethylation. Either method involves
only minor changes .in the usual processes of pectin manufacture.

Acid-demethylation consists of treating the pectic material with strong acid
at temperatures of 50 deg. C. or below for approximately one to two days. The
key to successful acid demethylation lies in the selection of conditions of acidity,
temperature, and time which cause the minimum of degradation of the poly-
galacturonide chain. Any appreciable reduction in the length of the pectin
molecule would result in a decrease in the jelly strength of the final produect.

Acid-demethylation can be applied at various stages in the usual processes
of pectin manufacture. The acid treatment may be applied to either the pomace,
to the pectin extract from the pomace, or to the pectin precipitated from the
pomace extract. Of course, demethylation by either acid or enzyme could be
applied to a purified dried pectin but such a method would hardly be economical
since it would involve a second process of precipitation, purification, and drying.

The method of preparing acid-demethylated pectinates from apple pomace
which, in our experience, seems to yield the most satisfactory type of product
consists of applying the acid treatment to an alcohol-precipitated pectin. The
pomace extract is treated with diastase, filtered, and concentrated to about
2 percent of pectin. The pectin is precipitated with 114 volumes of alcohol.
The precipitate is pressed, ground, and redissolved in water to give a concen-
trated solution containing about 3 percent of pectin. Sufficient concentrated
hydrochloric acid is added to give an acidity corresponding to a pH of 0.30.
The mixture is maintained at a temperature of 50 deg. C. for 13 to 60 hours,
depending upon the degree of demethylation desired.

Figure 2 shows the rate of acid-demethylation at pH 0.30 and 50 deg. C.
The fact that the acid-pectin mixture changes from a thick sirup to a distinet
gel when the demethylation has progressed to about 6 percent of methyl ester
can be used as a guide in determining when to stop the reaction. Subsequent
purification consists of washing the pectinic acid with alcohol to remove the
hydrochlorie acid. The purified pectinic acid is partially neutralized with
dilute alkali and then dried. The final product usually has a very light color
and a high gel strength. )

One advantage of -acid-demethylation is that it requires no special reagents.
Its disadvantages are: (1) large quantities of acid are required, (2) acid-
resistant containers must be used, and (3) the reaction is rather slow, requiring
one or two days for completion.

The enzyme method of demethylation utilizes an esterase called pectase.
This enzyme is found in a wide variety of plant tissues such as tomatoes,
eggplant, tobaecco, and alfalfa. Not all sources of pectase are satisfactory
because some plant tissues also contain quantities of pectinase, an enzyme
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which degrades pectin and destroys its jellying properties. One should always
test the pectase preparation to be used to make certain that it is comparatively
free of pectinase. The juice of ripe tomatoes is rich in pectase, and we have
found this to be a very cheap and convenient source (Kertesz, 1938).

ACID DEMETHYLATION, pH 0.30, 3% HCl, 50°C.
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Fic. 2. Showing the rate of acid-demethylation at pH 0.30 and 50 deg. C.

The enzymatic method of demethylation is both rapid and susceptible to
accurate control. Pectase will produce the same degree of demethylation in
a few minutes that would require days to produce by the acid method.
Figure 3 shows a typical enzyme-demethylation curve. In this example the
methyl ester content of the pectin was reduced to 4.0 percent in only 14 min-
utes, whereas the same degree of demethylation by acid as shown in Figure 2
required 50 hours. Enzyme-demethylation by the tomato pectase preparations
which we have used usually stops at 1.8 percent methyl ester and will not
go below this point even on prolonged contact with the enzyme. Why the
enzyme-demethylation should stop at this point instead of completely demethyla-
ing pectin to pectic acid is a question of theoretical interest. Apparently one
methyl ester linkage in each eight galacturonide units of the pectin molecule
is not attacked by pectase.

The best stage at which to demethylate with enzyme is immediately after
the pectin extract has been filtered. In order to realize the full activity of the
enzyme it is necessary to add oxalic acid in an amount equal to 0.1 percent of
the weight of the extract. Although this amount is more than equivalent to
the calecium present, the excess seems to be required. It is further necessary
to adjust the pectin extract to a pH of about 6.0 and to maintain this pH
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throughout the reaction. The pectase solution, which has likewise been ad-
justed to pH 6.0, is then added to the pectin solution. About 1 quart of
filtered tomato juice is sufficient to demethylate 50 gallons of 0.6 percent pectin
extract in one hour at 50 deg. C. Standard alkali is added continuously during
the enzyme action for two reasons. The first is that the de-esterification process
liberates carboxyl groups and this must be compensated by adding alkali in
order to maintain the medium at pH 6.0 for active enzyme action. The second
is that by using standard alkali the degree of demethylation can be calculated
at all times and the reaction stopped at any desired point by acidifying the
solution, heating to 75 deg. C. for 5 minutes, and then cooling.

ENZYME -DEMETHYLATION,pH 6.0, 40°C.
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Fie. 8. Rate of enzyme-demethylation, at pH 6.0 and 40 deg. C.

In the subsequent precipitation and purification of pectinates it is necessary
to exclude all but traces of calcium and other polyvalent mineral ions from the
finished product. If the dried pectinate contains more than a fraetion of 1 per-
cent of caleium or other polyvalent cations, solution of the pectmate in order
to prepare gels will be difficult if not impossible.

A satisfactory method of purification consists of washing the prec1p1tated
pectinate with aleohol containing sufficient hydrochloric acid to give a pH of
1.0. This treatment has been found to remove all the added oxalic acid and
any interfering metal ions. The hydrochloric acid is removed by washing with
alcohol. The pectinic acid should be partially neutralized with dilute sodium
hydroxide before it is dried, otherwise the acidity of the pectinic acid may
unduly alter the pH of the jelly or other food product in which it is to be used.

Although the enzyme method of preparing pectinates is much more rapid
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and does not require such drastic treatment as the acid method, the products
prepared so far have had a lower gel strength than the acid-prepared pecti-
nates. There are other points of dissimilarity between the pectinates prepared
by these two methods which indicate fundamental differences in structure which
cannot be explained at present.

PROPERTIES OF CALCIUM PECTINATE GELS -

Low-methyl ester pectinates will form ordinary 65 pereent sugar-acid jellies
and may be graded on that basis. The grade will give an indication of length
of the polygalacturonide chain. The grade value is of little use, however, in
the investigation of the nonsugar or low-sugar jellying powers of the pectinate.
It may be noted in passing that on a 65 percent sugar-jelly basis the acid-
demethylation treatment, under certain conditions, improves the grade of the
pectin by about 20 percent. This may be due in part to purification.

Jellies may be formed from low-ester pectinates in the absence of sugar
by the addition of proper amounts of calcium ion. Baker and Goodwin (1941A)
envision the gel as a network of galacturonic acid chains with the unesterified
carboxyl groups cross-linked by means of caleium atoms.

The calcium may be added either as a dry salt mixed with the sugar and
dry pectinate (Baker and Goodwin, 1941A) or as calcium in solution. Diffi-
culty is sometimes encountered in dissolving a mixture of pectinate and calcium
salt. Addition of the calcium solution after the pectinate has dissolved gives
the best results and is therefore recommended.

As noted above, the conventional ‘‘grade’’ determination is of little value
in the examination of low-ester pectinates. A test has been developed in this
laboratory to evaluate the preparations on the basis of the amount of water
held in a gel by the pectinate. The ‘‘gel power’’ of a low-ester pectinate is
empirically defined as the weight of water gelled by one unit weight of the
pectinate to a strength of 50 c.c. of water on the Delaware jelly tester (Baker,
1938) in the presence of 35 percent sugar and at the optimum calecium con-
centration at a pH between 2.9 and 3.6. Sugar concentration was arbitrarily
set at 35 percent because that is intermediate between the quantity required
for a salad and that required for a fruit dessert and hence should serve as a
standard for both.

The method used in making the gel i§ as follows: to 1.00 gm. pectinate
well mixed with 4.0 gm. sugar in a tared 250-ml. beaker is added 60 ml. water
and the mixture is heated to boiling with stirring. Fifty grams of sugar are
added to the pectinate solution and the solution is again heated to boiling. A
measured amount of a caleium solution (0.20 gm. Ca** as Ca(H,PO,),, 1.00 gm.
sodium citrate and 1.35 gm. citric acid per 100 ml.) is added to sufficient water
to total approximately 40 ml. and the solution is heated to boiling. This hot
caleium solution is then added to the hot sugar-pectinate solution and the
mixture is brought to 155 grams by the addition of water. The solution is
boiled for a few seconds and then poured into a tall 6-ounce jelly glass, cov-
ered, and let stand at room temperature. The strength determination is made
the following day on the Delaware jelly tester. The gel is turned out into a
Petri dish in order that the measurement may be made on the bottom of the gel.

The gel power is determined by varying the pectinate concentration at
the optimum calecium-to-pectinate ratio and noting the pectinate concentration
necessary to obtain a gel strength of 50 em. of water. The gel power is ob-
tained by dividing 100 by this weight.

[6]

@

%.




@

Fia. 4. Compare this with Fig. 5 to observe the effect of methyl ester content of the
pectinate upon the optimum ecalecium-to-pectinate ratio.
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Fie. 5. Compare this with Fig. 4 to observe the effect of methyl ester content of the pec-
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tinate upon the optimum calcium-to-pectinate ratio.
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The effect of methyl ester content of the pectinate upon the optimum
calcium-to-pectinate ratio differs for acid- and enzyme-demethylated prepara-
tions, as may be seen in Figures 4 and 5. In the case of acid-demethylated
pectinates, a decrease in methyl ester content from 6 percent to 3.8 percent
yields pectinates with lower calecium optima and lower gel power. All of the
data in Figures 4 and 5 are on jellies containing 35 percent sugar. Baker
and Goodwin (1941A) found that with nonsugar jellies formed from acid-
demethylated pectinates and using a constant calcium-to-pectinate ratio of-
0.03, a decrease in methyl ester content caused an increase in jelly strength.
This would hold only for ecalcium-to-pectinate ratios in the vicinity of 0.03.

EFFECT OF SUGAR CONTENT OF GEL
ON OPTIMUM CALCIUM-PECTINATE RATIO
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Fie. 6. Showing the effect of sugar concentration on the caleium optimum. Acid-demeth-
ylated pectinates require larger amounts of calcium to gel than enzyme demethylated pectinates.

A more valid comparison of pectinates can be made by preparing gels at the
optimum calcium concentration for each pectinate.

With enzyme-demethylated pectinates (Figure 4) a decrease in methyl ester
content has little effect upon the caleium requirement between 7 percent and
5 percent methyl ester, but the gel power increases with increased demethyla-
tion over the range examined, namely, from 8 percent to 5 percent CH,O.

Figure 6 shows the effect of sugar concentration on the calecium optimum. As
the sugar content is decreased, the amount of caleium required for optimum gel
strength increases. The higher calecium requirements of the acid-demethylated
pectinates over that of the enzyme-demethylated pectinates are also apparent.

The final pH of gels prepared from various pectinates, demethylated by
either method, varied from 2.9 to 3.6 when the method given above was used
for preparing the jellies. Jellies were prepared over the range of pH 3.9 to 6.2
by adding varying amounts of alkali. It was found necessary to double the
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pectinate concentration at the higher pH values in order to obtain satisfactory
gel strengths.

In Figure 7 is shown the effect of variations of calcium content on the gel
strength of 35 percent sugar jellies prepared from acid- and enzyme-demethyl-
ated pectinates of the same methyl ester content. Precipitation-of the pectinate

COMPARISON OF ACID-
AND ENZYME-DEMETHYLATED PECTINATES ¥
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Fia. 7. Showing the effect of variations of caleium content on the gel strength of 35-per-
cent sugar jellies prepared from acid- and enzyme-demethylated pectinates of the same methyl

ester content.

occurs on the high-caleium side of the curves in both cases. Gels prepared with
less than the optimum calcium have a smoother texture and are more elastic
than those prepared with an excess of caleium. .

It will be noted that the acid-demethylated product has a higher caleium
tolerance and a higher gel strength at the maximum point of curve than does
the enzyme-demethylated product. For this reason it is believed that the acid-
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demethylated product will be more useful with fruit juices, since the ecalcium
content of some fruit juices is higher than the optimum requirements for the
enzyme-prepared material. In equal pectinate concentrations greater strengths
are obtained with the acid-demethylated produect, which is an obvious advantage.
Typical gel power values for the two types as prepared in this laboratory are
enzyme, 100-110; acid, 180-210.

The different calcium optima, the differing effects of methyl ester content,
and the different gel strengths under comparable conditions all indicate that
there is a fundamental difference in the structure or distribution of structures
between the pectinates prepared by the two methods. This has also been noted
by MecDowell (1942). This is not surprising, since it might be expected that
enzyme and acid would have different methods of attack upon the series of
methyl ester linkages, so that with the two types of preparations, entirely dif-
ferent distributions of the molecular species could be present and still show
the same overall methyl ester content.

SUGAR-SAVING SIGNIFICANCE

The most obvious application of these low-sugar jellying pectinates as a
means of conserving sugar is in the manufacture of jellies, jams, marmalades,
and preserves. As sugar becomes more scarce, both food manufacturers and
housewives will have to make their supply of sugar go farther in order to
preserve the usual quantity of fruit produects.

Many fruit jellies and jams can be made with less than the usual 65 percent
of sugar and still yield produects with excellent flavor and appearance. In fact,
many 65-percent sugar jellies contain too much sweetening agent to the detri-
ment of the fruit flavor. By using less sugar and more fruit the product will
have more of the natural fruit flavor. Although fruit gels can be made with
pectinates using no sugar at all, we feel that ordinarily one should use not
less than 35 percent sugar in the production of jellies, marmalades, jams, and
other sweet spreads. Since the sugar concentration of these gels is not suffi-
ciently high to prevent spoilage, the product must be sterilized after packaging.

Table 1 compares the quantities of sugar and fruit juice used in making
65 percent and 35 percent sugar jellies. Most fruit juices contain 10 percent
or more of soluble solids, mostly sugar, and allowance is made for this in the
calculations. The weight of 35-percent sugar gel which can be made with one
pound of sugar is more than twice the weight of 65-percent sugar jelly which
can be made with the same amounc of added sugar. A comparison of the vol-
umes of jelly produced per pound of sugar is even more in favor of the low-
sugar formula because of the differences in specific gravity of the jellies. Thus
by making a 35-percent sugar- pectinate gel, one can incorporate more fruit

into the product and realize a saving in sugar of 60 percent on a volume basis *

and 54.5 percent on the basis of weight of finished jelly.

The relative costs of 65-percent and 35-percent sugar jellies depend chiefly
on the relative prices of sugar and of the fruit used. If sugar is the cheaper
item in the formula, then obviously the more sugar one can put into the jelly
the lower the cost will be per pound. Some fruit juices, for example, grape
juice, may cost less per pound than sugar and in those instances a saving would
be realized by using less sugar. However, if one calculates the cost of a fruit
jelly on the basis of volume instead of weight of the finished product, then
there is a distinet advantage in favor of the low-sugar gel because it occupies
about one-seventh more volume than the same weight of 65-percent sugar jelly.

[10]
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If sugar costs 5 cents per pound and fruit juice 7%% cents per pound, it would
still be cheaper per fluid ounce of finished product to manufacture a low-sugar
gel.

The problem of sugar scarcity is a matter of real concern to both the jelly
manufacturer and the housewife during ‘the present war emergency. Low-methyl
ester pectinates are much more than a sugar-saving device for use in time of
war. They can be used to produce low-sugar gels which are equal to, or superior
to, 65-percent sugar jellies in flavor and appearance. Many people prefer a
jelly with less than the usual 65 percent of sugar because it contains a greater
proportion of fruit and the flavor is not masked by an excess of sweetening

TABLE 1

Comparison of Sugar Required for Making Frwit Gels With Ordma/ry Pectin
and With Calcium Pectinates
(Using fruit juice containing 10 percent sugar solids)

65% sugar 35% sugar
pectin jelly pectinate gel

Sugar supplied by fruit juice 3.9% 7.2%
Additional sugar required . 27.8%

65.0% 35.0%

Lb. jelly made with 1 Ib. sugar 1.64 1b. 3.60 1b.
Volume jelly made with 1 Ib. sugar.......eeees .. 19.5 oz. 49.0 oz.
Volume of fruit juice used with each 1b. sugar .. 9.8 oz 39.8 oz.
Lb. sugar required for 100 oz. jelly. .. 5.121b. 2.04 1b.
Lb. of fruit juice for 100 oz. jelly. . . 5.311b.

Saving in sugar = 60% on basis of volume of jelly, or 54.5% on basis of weight of jelly.

‘agent. And finally, the fact that these pectinate gels melt more readily than
the usual type of pectin-sugar-acid jelly may be an advantage in the manu-
facture of certain types of produects.

OTHER SUGGESTED USES

Low-ester pectinates have a large number of possible uses in addition to
their sugar-saving applications. They offer a means of preparing processed fruit
and vegetable salads and fruit desserts. Tomato aspic prepared with pectinates
is an especially nice produect. Gelatin tends to break down under conditions of
slight acidity and high processing temperatures such as would be experienced
in the manufacture of many jellied food products. Pectinates are not greatly
affected by these conditions. Low:ester pectinates may also be used in the
preparation of jellied consommé.

The addition of a small quantity of caleium pectinate to a sugar sirup greatly
increases its viscosity, thus imparting to a canmer’s sirup the appearance of
richness without the usual excessive sweetness. Such a sirup gives a remarkably
clear-cut demonstration of the ‘‘blotter test.”’ A drop of sirup thickened with
calcium pectinate will not soak into a blotter but will remain on the surface
with sugar erystallizing out on drying. This suggests the possibility of thicken-
ing table sirup so that it would not be absorbed by hot cakes but would remain
on the surface.

Attempts to use pectinates in place of locust-bean gum to improve the mois-
ture retention of cream cheese have been unsuccessful due to the sensitivity of
pectinates to the calcium in the cheese whey. Some means of increasing the
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caleium tolerance of pectinates may permit their use in cream cheese and also
their use as a stabilizer in ice cream and milk custards and puddings.

Baker (1941) reported experiments on the use of pectinates to prevent the
loss of juices during the storage of various frozen fruits. This method worked
successfully in the freezing preservation of strawberries. More work is neces-
sary to properly evaluate the use of pectinates with other kinds of fruits.
These low-ester pectinates may be used to advantage with cold-packed fruits
where the pectinate would not only be useful in preventing disintegration of
the fruit but would be utilized to impart jellying properties to the manufactured
preserve.

Pectinates may also be used as thickening agents or as substitutes for vege-
table gums in various pharmaceutical preparations where a trace of calcium
is not objectionable. Calcium pectinate gels should be of value in the prep-
aration of certain types of culture media. Their melting properties should
make them especially adaptable to the preparation of bacteriological culture
plates. .

The use of low-ester pectinates is still in the exploratory stage, but un-
doubtedly many new and useful applications of pectinates will be found as
food technologists become better acquainted with their properties.
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