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Purpose of the Research

The research was undertaken in an effort to find an economical
and ef“icient means of extracting rectin from orangs peels and to
find a method of precipitating the pectin and se obtaining 1t as a
gsolid. A secondary or preparatery purrose was to find a convenient
and accurate method of detzrmining the amount of pectin present in
a solution.

Theory

Pectin is kmovm to be a collald, but ite exact compesitionis not
knovn. Th. von Fbllenburgl says that pectin is composed of a number
of compounds and assigns the following composition to orange pectin:
araban, 36.1%; methyl pentosan, 6%; galactan, 49.3%; and methyl
alcohel, 11.5% Colloids can be divided into two classes. The first
cf these imbibe and retain water and the cclloidal particles contain
much water. Sols of such colloids may have high viscesities and are
only precipvitated with difficulty. Such ccdloids are called hydro-
rhilic. Those of the second class are termed hydrophodic and are
substances to which can be ascribed no gpeclal relationship with
water. A sol of a hydrophoblc colloid shows properties very little
different from those of the dispersion mediuwm. The viscosity of such
solg is, for exanple, very little different from that of waters
Hydrophobic scls are very eaesily vprecipitated by the addition of an

electrolvte or by proverly adjusting the H' ion concentration.
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Hydrephilic compounds are, on the other hand, not precipitated by
electrolytes and not sasily precivitated by adjusting the ' concen-
tration. The followlng experimental work shows pectin to be?hydro~
philic coupcund. Sols of hydrophilic collelds can be precipitated
by and with other collolds of opposite charge. Pectin is a negative
colloid and as such it is to be expected that it will be precipitated
by a positive colloid. This is found to be the case, as will be
shown below. Vhen one collold is precipitated with another; the
two are so closely intermingled as tc make complete separatign ex-
tremely difficult. This is particularly true in the case af pectin
precipitates as sclvents in which the precipitating ceclleid is scluble
make a gel of the pectin. This applies particularly te aqueocus
solvents.

Previous VWork

Pectin has been sold for some years, but has principally bveen
marketed as a solution rather than as the solid. The adventages of
s0lid pectin over the solution are numesrous, including reduced cost
of packing and shipping, and the possibility of using small amounts
from a large container without danger of the remainder of the lot
spoiling. By far the greater part of the pectin of commerce is at
present preduced from non-citrus fruits, berries and apples being
the principal sources. Thers is one company, the Exchange Lemon
Products Co., located at Corona, California, which is producing
dry pectin from citrus fruit peels. The pectin plant is operated in

conJunction with a cétric acid and arcmatic oil plant. The extraction



is carried out using a dilute acid solution as the extracting medium
and the precipitation is effected by the deuble colloid methed, using
A1 (0H)s, precipitated from an AlCls solution as the precipitating
colloid. The preciritated ceolloid mixture is then treated with al-
coholic HC1l to remove the A1(OH)3. This removal is not complete,
tests made on the product showing arcund 10% AL(CH)s in it. The
aleochelic HCl washing is, in additiog, rather expensive and not very
convenient. The water concentfation rmst be very low to avold forming
a gel of the pectin and thus making it unhandlesble. This makes it
necessary t0 use sither low HCl concentration or to use gaseous HCl
to further saturate the alcohoel without adding more water. AlCls

ig, morecver, not very soluble in a water-alcohol mixture which adds
to the difficulty of effecting complete wakhing.

Some experimental work has been done to determine a satisfactory
method of determining the amovnt of pectin present in a solution. The
four general methods which have been used for quantitative determina~
tions of pectin are: precipitation of pectin with CoHMsOH, precipite~
tion as calcium pectate, determination of viscosity of solution and
tacing this as a measure of the pectin present, and detzrnuining the
gelling powsr of the pectin present by forming a gel with sugar.

Fach of these methods posgessss some disadvantages. The alcoholie
precipitation is sald to be inaccurate and the results of Frederick
Hardya and Haynes and Carrd> show this to be the cass. The ealcium
pectate precipitation methed, developed by Haynes and Carrs’ is

apparently accurate, but it possesses the disadvantage of being a
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very involved procedurs and reguiring a leng tims to carvy out. The
malnimun possible time is 15 hours and the recoumendsd time 2 days.

The viscosity of a solutlion is not a irue measure of the amount
of pectin vresent therein. In thse first place most solutionskto be
tested contain other substances which affect their viscosities.
Secondly pectin, being in colloidal suspension rather than in trus
goluticn, does not govern the viscosity of ité sclutions in the manner
in which a true sclute would., Thirdly, unless a special form of vis-
cosity pipette is used, the results are found to be absolutely worth-
less; due to turbulent rather then viecous flow in the stem of the
pipette. TFredsrick Hardyzhas proved the invalidity of viscosity
meaguraments taken with an ordinary p}pette.

Indsmuch as the value of pectin lies in its power of gsl forma-
tion the gifé&é ueasurement of this power should be the best way of
estimating the amount of pectin present in a solution. This method
was used by Johnstin and Dentonu. The difficvlties encountersd in
attempting to use this nethod are outlined under experimental work.

The sxtraction of pectin frowm the orange pesl is shown t¢c be
best carried out in an acid solution. T. Hardyz made a number of
test runs, using various concentrations of HCl and citric acid,
ranging from 002 N. to 1.5 N. He obtained the best results by the
use of a 025 N, citric acid solution, carrving on the extractica
for 20 rinutes at 98°C, then allowing the mixture to cool for 10
minutes. Hardy's results alse indicate that complete pectin

recovery can not be expectad in one extraction, the first treatment
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removing elightly over 50% of the extractabls pectin from the peel
end each succeeding treatment removing about 50% of the exiractable
pectin left by the preceding exiraction. The results of Hardy are
particularly valuable as they are quite extensive and as the amcunt
of pectin present in sach extract was determined in three ways -
by aleoholic precipitation, by precioitation as calcium pectate,
and by viscosity measurements.

Experinental Work

It was first desired to determine the best means of esiimating
the amount of pectin pressnt in a solution. As stated above, a
direct measurement of the gelling power seemed to be the best way
of determining the value of a solution of pectin, so this method was
tried. If it were possibls to determine the relative rigldities of
a series of gels made from pectin solutions and sugar, this should
prove to befvery satisfactory way of determining the relative gelling
powers of a series of pectin sclutions. A viscosimeter is clsarly
wnsuited for this purrose, as once the structure of the gel is broken
its viscosity means little.

It was suggested by Dr. Lacey that it might be possible to
determine the relative hardness or resistance to penetration of & geries
of gels by the use of an instrument similar tc the penetrometer used
for asphalt testing. Acting on this suggestlon an effort was made to
adopt a penetrometer to gel testing. The needle used in asphalt test-
ing is, of course, far toc small in cross-section to glve any reading
as it drops through the most rigid gels with almost free fall vslocity.

A plunger of greater cross-ssection area was tried., but found unsatie-



factory, dve to the "skin" which forms at the surface of the gel.
Zven when this "skin" is removed a plunger of large enough cross-
ssction to move with a measurable velocliy does not move at a
unlform speed when penetrating the gel. The motion when it is pene-
trating the upper layers is slower than when penetrating the bottom
layers, in spite of the increased side friction. As the penetration
tests were made on jellies which were about 20 hours cld the varia-
tion of rigidity in the different layers can not be ascribed to in-
complete "setting" of the jelly duve to lack of time.

Belleving that @ penetrometer test could not be used satisfac-
toerily to determine gel strength, it was decided to make a standard
test series of gels from known guantities of pectin and sugar in
such a way that a sample gel could be made under the same conditions
from a pectin solution whose strength it was desired to ascertain.
The sample gel would then be comparsd tc the standard test series
and it would be considered to contain the same amount of pectin as
the standard gel it most resez‘nbled in consigtency. The psctin used
for meking the test gels was purlfied commwercial pectin. The commer-
cial product, before purification showed over 10¢ AL(OH)3 by coubustion
analysig. Thie commercial product was washed repeatedly with HCl-
CoHsOH mixture, the most efficient mixture containing 15% concentra-
ted hydrochloric acid and 859 ethyl alcohol. Sclutions stronger in
HC1 could not be used bscause the water present partially dissolved
the pectin making a gel which, of ccurse, could not bs washed. After
many washings with the zhove mixture, the Al salt content of the

pectin was reduced to 3.1%, but could nct be brought below this figure.



This shows one of the disadvantages of the double colloid precipita-
tion method by which this commercial pectin was produced. The gels
were made from this purified pectin as follows. The amount of pectin
used for each gel was dissolved in 20 cc. of .05 N. citric acid. To
this sclution was added 12 grams of sugar, the sugar dissolved and
the mixture bolled until a boiling vcint of 105°C was reached. The
golution was then poured into molds and allowed to stand for 20 hours
when the rigidity or texture of the resulting gels was noted and

recorded. Table I gives the results for a series of standard gels.

Table I
Sammple  Grams Relatlve Rel. viscosity Consistency of gel
NOe pectin viscosity divided by after 20 hours.
' grams pectin.
1.0 All pectin did not dissolve.
2 0.5 6.64 13.3 elastic solid
3 C.2 3.09 15.5 viscous solid
Y 0.15 2.12 14,2 semi-solid; would not
pour.
5 0.14 2.03 14,5 Just pour
6 0.13 2.01 15.5 very viscous
7 0.1 1.72 17.2 entirely liguid
& 0.08 1.58 19.8
2 0.06 1.42 237

10 0.02 1.17 584 5




The relative viscosities given in the third colwm are the vis~
zoslties of the pectin solution before the sugar was added. Colums
3 and Y are given to show that the viscosity of a pectin solutlon is
a0t a direct measure of the amount of pectin present even though no
other viscous materlals be present. If the pectin present were in
direct ratio toc the viscosity, the figures of cclumn 4 would have
a constant value. In such a series of gels only a few are of value,
that is to say, only a few have a consistency which can be definitely
fixed and which is proportional to the amouvnt of pectin present. Tor
example, 1f a gel is an elastic solid its consistency will apparently
be the same even though a large excess of pectin over the amount -
neaded to make the gel an elastic solid be present. Similarly, if the
mixture is a liquid we only know, under the conditiéns of this test,
that there is less than 0.1 grams of pectin present in 20 cc. of the:
gsolution. Only those gels whose cecnsistency is on the borderline
betwesn solid and liquld can be referred to. A further difficulty
arises here. The consistency of the gels changes on standing, even
after the first 20 hours, so that elther the tester must remember the
exact consistency of each of the sample gels, or meke up a new series
each time it is desired tc test some sclutions for pectin; or, in ths
event that teests are belng run continuously, make new staﬁaards ab
lsast onca daily.

Possessing what appeared tq be a fairly satisfactory method of
dstermining the vectin present in solutions, experimental extraction
rung were made. The first extractions were mads using C.25 N. and

0.1 N, citric acid as the extracting liquid. In each case 50 gms. of
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fresh peel was extractsd with 100 cee. of the citric acid solution,
the peel being cut into strips roughly 1/8" wide before extraction
and the extraction bveing carried out for 20 minutes at 98°C. The re-
sults of this run are given in Table II.

Table II

Sample % Extract Normality of ex-  Std. gel to which Indicated ¢

noe in sol™n.* tracting acid. sample corresponds pectin in
extract.

& 100 Ce25h no. 2 2.5

2 1% 0.25 3 1.35

3 5 C.25 liquid -

4 25 025 . -

5 100 0.13 no. 3 1.0

6 75 0.10 liquid -

7 50 .10 . -

g 25 0.10 i =

The resvlts of this run show the higher acid concentration to be
the best and alsc show the lnaccuracy of the method uvused for determiniag
the pectin cencentration. The figures in column 5 for samples 1 and 2
should agrse, but do not do so showing that, although gsls were preparad
under ideuntlcal conditions, as far as pcssible, and carefully coupared
to the standard gels, a perfect or even a close determination did not
resul i,

e extract was diluted as shown in column 2 to make it possible
to get & eseriss of gels from each extracte
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Since the extraction had Teen so thoroughly investigated by

2

ed for the ressarch was rapidly passing,

“
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Hardy and since the time allot

it was thought advisable fo take the extraction outlianed above, using

C.25 N citric acid, as the standard procedure and to pass on to the more

interesting and less thoroughly investigated problem of precirpitation.
As mentioned above, uwnder "Theory", rectin is a regatlve colloid and,
as such, it wag thouwght that it might be precipitated by the siuple
addlticn of an elsctrolyte. If such & prscipitatlon were vossible, it
gnould be brought sbout more readily by an elecirclyte containing o
polyvalent positive icn than by one containing a moncvalent pesitive
fon. It would te convenient if the salt were soluble in C.Fs0H so
that thlg could be used to wash the salt from the precipituted pectin.
Sclutions of varicus strengths of the following salts were used: TFells,
21013, and NiCl,, but the pectin was not precipitateds

Some collolds are sensitive to changes in the ial icn concentration
s pectin solutions were titrated very slowly with HCl and NalH a0 lu-
tions in an endeavor 4o find & B ion concentration which would bring
about the precinitation. No such concentration was found, the only
precipiteticn taking place in a NalH sclution of considsrable strength,
the precipitate being dark in color and aprarently nol possessing the
propertises of pectin., The non-precirnitation of positive lon electro-
lytes and by " ien edjustinent substantlates the theory that pectin
is a hydrophilic colloid.

Inasmuch as the precivitation cculd net ve successfully nade by
means of single salts or by the adjusitument of the ol lon, it was

decided to investigate the vossibilities of coumercial alcohelie



precipitation. The deuble colloid precirvitation was rejected vecause
2f the difficulty of separatling the colleld mixture resulting from
such a precipitation. In order to produce a preciritate that will Dbe
corpletely dissclved when it is desired to use it, it is essential
that the solution from which the preciritation is tc be wade be
perfectly clear. It is only by filtering that a clear solution can
te obtained; for the swall particles of pulp which are suspended in
the solution extracted from the peels are of such a density that they
will not settle cut from the solutlon, even aftsr prolonged standing.
In connsction with this filtration the advisability of using filtercel,
a purified form of diatomacecus sarth, was investigated., The first

results of this ianvestigation are given in Table III.

Table III
To. Aeoid Precoated fil- Rel. viscosity GComaitiom  Wi. of CoHsOH put.
used ter paper. of filtrate of filt. from 10 cc. extrzct
1 0.25 M. : ‘yes €5 clear,light in 0.12 grarms
‘ citric cocler
2 n no 2l.4 cloudy,light in  C.28 v
color
0.25 N. no 0.65 cloudy, dark im  O.41 "
21 color

The paper for sample 1 was precofted with filtercel to a depth of
one to two millimeters. All viscosities were obtained by the use of a
viscosity pilpbtte, having a squat bull and a long capillary stem., The
alcoholie precipitates were obtained by aiding the filtrate to anm

squal amount of alcohol, the addition of further zlcohol producing no



further vrecipitate. The data of this teble indicates that the filter-

cel adscrbs a considerable portion of the pectin tut as cnly a re-
latively small awount of the solution was run through the filter,
these resuvlts must not be given too much weight. This tabls also
shows that HCl, while giving a larger alcoholic rrecipitate than
citric acid, is not sultable vecause the filtrate and alemholie
precipitate are very dark in cclor. The extract filtered through
the preccated filter less rapidly than through the filter which was
not preccated. TFurther tests gave the same resulis.

The proper amount of alcohol to be used to insure complete
precivitation was determined in the fecllowing manners . To a number
of 10 cc. samplses of the unfiltered extract, obtained by the method
which was adopted as standard for extraction, were added varicus
armounts ¢f CoHsOH and the precipltate filtered out. TFurther CoH50H
was then added to the filtrates and the filtrate originally containing
the smallest amount of CoEsOH whick did net beceme cloudy on the
further addition of CoHs0H was censidered as having thé proper amount
of CoHsCH. By this procedure it was found that equal volumes of
extract and alcohol produced complete ovreci itation without the use
of excess alcohol. As the precipitation is dependent on alcoholic
concentration the amount of pectin present does not seem to change
the ratio of HyC and C,H5OH necessary to produce complete precip-
ltation.

The alcohol precipitate was somevhat gelatinous inm character,
but if precinitated cold by a sufficient quantity of CoFsCH it was

saslly separated from the liguid by filtratlon. If, however, it was

12



vrecivitated het or by an insufficient quantity of CoHs0H it was
extfemaly dgifficult tc handle. It was found that a temperature of
above RO°C could not be used in drying the preciuitated pectin
without danger of it turning dark in cclor.

Paper not being practical for a conmercial filtering machine
tests were run using duck as the filtering medium. 260 grams of
fresh orange peels were heated with 520 cc. cf 0.25 N. citric acid
for 20 minutes at S€°C, on a water bath. The solution was decanted
and drained frewm the large pleces of peel and divided into three
samples, each of T5 cc., which were treated as follows:

Sarple 1le Filtered through precocated duck after ad-
mixture of 1 gram cf filtercel.
Alcohol precipitate - 0.22 gram
Filtrate clear.
Filtered easily.
Sample 2. TFiltered threough precoated duck, no admixture of

filtercel.
Filtrate clear.

Filtered witk considerable difficulty.
Alcohelic precipitate - 0.29 gram.
Sample 3. Filtered through plain duck.
Filtrate cloundy, but cleared up by repeated
filtration through seme filter.
Filtered very sasily.

Alcchol precipitate - 0,35 gram.



These resulte reafflrm the adsorption of pectin by filtercel
and also show that its use is not essential to & clear producte

Some tests on the advisability of running a second sxtraction
on the peels and which showed that this was high desirable concluded
the laboratory works

Conclusions

Pectin, or as it is sometimes called, pectinogen, is a negative
hydrophilic colloid whose 8ol is not sensitive towards hydrogen
lon concentration. It can best be extracted from orange peels by
thé use of a 0.25 N. solution of citric acid and can be precipitated
from thls solution by the addition of a quantity cf CoHs50H equal in
volume to the extract. The extract should be clarified by filtration
through duck before the vrecipitation is mades The use of filtercel
or similar substances is not reccraended, as they adsort considsrable
quantities of pectin. The alcoholic preeipitation of pectin should
be commercially practicable, if it is put on a large encugh scale
to make possible the use of efficient machinery, sclvent-recovery
driers, and rectifylng stills for the alcohol used. Of the metkods
proposed for the estimation of the amount of pectin in a solution
only the calcium pectate precinitation method is accurate and it
takes too long to be of great use.

I wish to thank Dr. W. N. Lacey under wheose direction this work
was carried out, fot the suggestion to undertake the work and for

the sugpestions he offered during the vrogress of the investigation.



An effort.was made to fiand a method to commercially rroduce
pure pectin. Extraction by means of C.25 N. citric acid solution
heated to 98°C for 20 minutes in contact with the cut-up orange
peels was found to be satisfactory, but for good yield the extraction
précess should be repeated. The extract can be filtered through
‘duck to give a clear solutlion. Precipitatlon can be carried cut
by the addition ¢f an equal volume of CoHsCH to the clarified
extract. The precivitate is easily filtered and must be dried at a
low tenperature. The disadvantages of the varicus methods of pectin
estimation are pointed out. Pectin can not be vrecipitated by the
addition of electrolytes or by H' iom concentration adjustment.
Pectin precipitated with a positive cclloid can not be coupletely

freed from this precirpitating celleid.
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