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ABSTRACT 

Evidence is presented which indicates that a pectin-cellulose compoun d does not 
exist in native cotton fibers and that the pectic substance is present as the insoluble 
salt of polyvalent ions. Replacement of these ions by sodium or ammonium 
renders the pectic substance soluble. 

Cotton freed of pectic substance with alkali showed no significant change in 
tensile strength or in viscosity, whereas treatment of the fibers with acids, which 
removed only a small proportion of the pectic substance, produced an appreciable 
lowering of these two properties. 

When dewaxed fibers were dispersed in euprammonium hydroxide solutions, it 
was found that a small portion remained insoluble. Analysis of the material 
showed it to consist practically entirely of pectic substance. A consideration of 
these results led to the conclusion that pectic substance does not contribute to the 
viscosity of cuprammonium dispersions of cotton. Determinations of the viscos
ities of cuprammonium solutions to which had bcen added pectic material from 
different sources substantiated this conclusion. 
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1. INTRODUCTION 

Polyuronides in the form of pectic substance 2 have long been 
known to be present in naturally occurring cotton fibers. The current 
concepts regarding the location of this substance in situ, indicate at 
least two divergent viewpoints. Anderson and Kerr [1),3 for example, 

'This paper was presented before the CeUulose Division at the ninety·ninth meeting of the American 
Chemical Society, Cincinnati, Ohio. 

1 Research Associates at the National Bureau of Standards, representing the Textile Foundation. 
'In the present paper, the term "pectic substance" is used to denote that carbohydrate component of 

native cotton wbich IS characterized by the presence of uronic acid groups [31. 
3 Figures in brackets indicate the literature references at the end of this paper. 
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have recently presented evidence based on staining reactions and sol
ubility tests which indicates that the pectic substance is restricted to 
the primary wall. On the other hand, Farr and Eckerson [2] stated 
that they believed the pectic substance to be the material covering 
the cellulose particles, the cellulose fibrils, as well as the fiber itself. 
The differences in these concepts necessarily led to very different con
clusions concerning the influence of the pectic substance on many of 
the important properties of cotton. 

Since the experimental evidence on which the previous viewpoints 
were based was essentially of a qualitative nature, it appeared that 
more precise information concerrung the role of the pectic substance 
could only be obtained by a quantitative approach to the problem. 
The principal difficulty heretofore encountered in attempts to do this 
has been the lack of a reliable method for the quantitative estimation 
of the pectic substance in the presence of other carbohydrate material. 
Recently, however, a new method [4] was developed which permits 
the accurate determination of small amounts of uronic acids even in 
the presence of large proportions of cellulose. This development has 
made possible the present investigation, which concerns itself with 
(a) an examination of the state of the pectic substance in native cot
ton fiber, (b) its ease of removal by various reagents, (c) its behavior 
in cuprammonium hydroxide solutions, and (d) its influence on such 
important properties of the cotton as tensile strength and fluidity in 
cuprammonium hydroxide solution. 

II. MATERIALS AND METHODS 

The cotton used in these experiments was furnished by the Bureau 
of Agricultural Economics, United States Department of Agriculture. 
It was of the Missdel-7 variety, grown at the Delta Experiment Sta
tion at Stoneville, Miss., and had been ginned and twice carded but 
had received no chemical treatments. 

The cotton was dewaxed by extraction with cold alcohol and with 
ether for 24 hours each. The dewaxed cotton had a copper number 
of 0.18, a cuprammonium hydroxide fluidity of 0.95 rhe, a tensile 
strength of 89,300 Ib/in.2, and a uronic acid content equivalent to 2.4 
mg of carbon dioxide per gram of cotton. On the basis of these 
analyses, it may be considered to represent a high-grade natural cellu
lose. 

The copper numbers were determined by a modification [5] of the 
Schwalbe-Braidy [6] procedure. In order to insure more uniform con
tact of the cellulose and reagent, the fibers were ground in a laboratory 
Wiley mill until they passed through a No. 20 screen. 

Most of the measurements of the fluidities of the dispersions of cotton 
in cuprammonium hydroxide solutions were made according to the 
recommendations of Mease [7]. This procedure is essentially that 
set forth by the Fabrics Research Committee (London) [8], except 
that the higher concentration of ammonia originally recommended 
by Clibbons and Geake [9] was used. The cuprammonium hydrox
ide solution contained 240 ±5 g of ammonia (NHa), 15 ±0.1 g of cop
per, and 1 g of sucrose per liter. The concentration of nitrite was less 
than 0.5 percent. In the present paper, this solution will hereafter 
be referred to as cuprammonium hydroxide solution A. All measure
ments were made on 0.5-percent dIspersions of cotton at 21 0 C. 
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In some of the experiments, a second cuprammonium hydroxide 
solution, prepared according to the specifications set forth by the 
Division of Cellulose Chemistry of the American Chemical Society 
[10] was used. This solution contained 30 ±2 g of copper, 165 ±2 g 
of ammonia, and 10 g of sucrose per liter. The concentration of nitrite 
was less than 0.5 percent. In the present paper, this solution will 
hereafter be referred to as cuprammonium hydroxide solution B. 

Uronic acid determinations were made according to the method 
developed by Whistler, Martin, and Harris [4]. This procedure de
pends upon an examination of the rate at which carbon dioxide is 
evolved from a sample during treatment with a boiling solution of 
12-percent hydrochloric acid. The results are recorded either as 
milligrams of uronic acid-carbon dioxide per gram of material, or as 
percentage of pectic substance. The latter value was obtained by 
multiplying the value for carbon dioxide (in percent) by the factor 
4.8 [4]. 

Tensile-strength measurements were made by the improved Chan
dler bundle technique [11).4 

III. EXPERIMENTAL RESULTS AND DISCUSSION 

1. EXTRACTION OF PECTIC SUBSTANCE FROM COTTON BY 
DIFFERENT REAGENTS 

The experiments listed in this section are concerned with a variety 
of treatments to which cotton fibers have been subjected for various 
purposes in the course of several different investigations in progress in 
this laboratory. Accordingly, the conditions are not strictly com
parable, and furthermore no attempt was made to remove all of the 
pectic substance with each of the reagents used. However, the appli
cation of the new method for the determination of uronic acids to the 
treated samples has made it possible to evaluate quantitatively the 
efficiency of the different reagents, and for that reason, it appeared 
advisable to include the results in the present paper. 

(a) SODIUM HYDROXIDE 

The treatment of cotton with a boiling I-percent solution of sodium 
hydroxide has been recommended [12] for the preparation of standard 
cellulose. In an earlier investigation [4], it was found that cotton 
purified in this manner is free from uronic acids. In order to study 
the efficiency of the removal of pectic substance under these conditions, 
samples of cotton were similarly treated for different lengths of time. 
The procedure was essentially the same as that described by Corey 
and Gray [12], except that the apparatus of Worner and Mease [13] 
was employed. The extreme rapidity with which these solutions 
remove the pectic substance from cotton is shown by the uronic acid 
determinations in table 1 and figure 1. Since the carbon dioxide
rate curves for the samples treated for periods of X hour or longer are 
the same and no longer exhibit the initial rapid rise characteristic 
of uronic acids, it appears that removal of the pectic substance is 
essentially complete in X hour. The good agreement between the 
data for the samples treated for periods of X hour or longer is indica
tive of the reproducibility of the results obtained by this method . 

• Thanks Ilredue Robert W. Webb and Enocb Karrer, oftbeDivision of Cotton Marketing, United States 
Department of Agriculture, for making these measurements. 
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FIGURE l.- Rate of evolution of carbon dioxide from dewaxed cotton and from cotton 
extracted fo r different lengths oj time with a boiling l-percent sohttion of sodium 
hydroxide. 

Curve A represents the ra te of evolution from raw dewaxed cotton; curve B, the values for B sample 
treated for 10 minutes, and curve Othe value for samples of cotton treated for ~ , 2,4, and 7~ hours. The 
pOints for these samples on curve 0 were so close tcgether that only one set is plotted in the figure. 

TABLE l.- Amount of carbon dioxide evolved, as a function of time, from cot/on which 
had been extracted Jor different lengths oj time with boiling l-percent solutions oj 
sodium hydroxide 

L ength of time of extraction with sodium hydroxide 
D nration of digestion with H CI 

Ohr. ~~ hr. Hi hr. 2 hr. 4 hr. 7~ hr. 
- -------------- 1------------- - ------

hr molo mulu moly 1IIulu 1IIulu mulu L __ ___ ___ _______ ____ __ __________________ __ 1. 43 0. 29 0. 13 0. 09 0. 15 0.30 
2 ________ __ ____ ___ ___ ___ ____ __ __ __ __ . ______ 2.35 . 49 . 23 . 23 .35 3 __ _ . __ __ _____ . ___ ________ __ ___ ____ ___ _____ 2. 81 .64 . 47 .59 . 56 . 60 L ________ _________ _______ ______ ___ ________ 3. 16 .85 .73 . 78 . 76 . 78 5 ___ ___ ___ ____ . ______ __ ___ __ ______ ____ ___ __ 3. 45 1. 09 1. 06 1.09 1. 01 1.00 6 ____ ___ _____ __ ___ ______ ___ ______ __ ___ ___ __ 3. 74 1. 38 1. 36 1. 33 1. 28 1. 29 7 ___ _______ _ . __________ __ __ ____ __ _______ ___ 4. 04 1. 70 I. 64 1.60 1. 58 1. 60 8 ___ ______ ___ ________________ __ ____ ___ _____ 4. 33 2.01 1. 88 1. 91 1. 87 1. 85 

Cold solutions of sodium hydroxide were much less efficient in 
removing the pectic substance from the cotton. This was demonstrated 
by immersing samples for 20 hours in a I-percent solution of sodium 
hydroxide at 300 C. The usual precautions to exclude oxygen from 
the system were taken. The alkali solutions were always saturated 
with nitrogen and kept under nitrogen during th.e time they were in 
contact with the fiber. After these treatments, the samples were 
thoroughly washed with a cold, I-percent solution of acetic acid and 
then with water. Analyses showed that the sample still contained an 
amount of uronic acid equivalent to 1.2 mg of carbon dioxide per 
gram of cotton. From a comparison with the value of 2.4 mg per 
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gram for untreated cotton, it appears that only about 50 percent of the 
pectic substance was removed by the alkali under these conditions. 

(b) AMMONIUM HYDROXIDE 

Dewaxed cotton lost only about 10 percent of its pectic substance 
during extraction for 18 hours with a cold (0° to 3 ° C) 2-percent solu
tion of ammonia. However, when the cotton was first deashed by one 
of two treatments, to be described later, the pectic substance was 
readily removed under the same conditions. The solubility of the 
pectic substance of deashed cotton is striking, and as will be shown in 
section 2, use may be made of the phenomenon to isolate the pectic 
substance from cotton fibers. 

(c) WATER 

Cold water was found to be ineffective for removing pectic substance 
from native cotton, and hot water was only slightly more effective. 
A sample of dewaxed cotton, extracted with distilled water at 90° to 
95° C for 16 hours, yielded 2.1 mg per g of uronic acid-carbon dioxide. 
This is equivalent to a loss of approximately 12 percent of pectic 
substance. 

(d) AMMONIUM OXALATE 

Ammonium oxalate solutions have been widely used as solvents 
for the extraction of pectic substance from fibers, fruits, etc. A sample 
of the dewaxed cotton was therefore subjected to two successive 8-hour 
extractions with 0.5-percent solutions of this reagent at 75° to 80° C. 
The treated samples were washed with distilled water until oxalate 
iron could no longer be detected in the washings. Analyses of the 
treated material showed that it retained only 0.3 mg of uronic acid
carbon dioxide per gram, and that about 90 percent of the pectic 
substance was removed by the above treatments. 

(e) ACETIC ACID 

A boiling 1-percent solution of acetic acid was found to remove less 
than 50 percent of the pectic substance in 8 hours. On the other hand, 
cotton treated overnight at room temperature with a 96-percent solu
tion of acetic acid 5 for the purpose of lowering its ash content showed 
no loss in pectic substance. 

(f) CONCENTRATED HYDROCHLORIC ACID 

A sample of dewaxed cotton was allowed to stand at room tempera
ture (about 30° C) in a hydrochloric acid solution of sp gr 1.18 for 4 
hours. During this treatment, the fibers were degraded to a fine 
meal which was difficult to filter from the acid solution. The sepa
rated material was washed with water until free of acid and air dried. 
Analyses of the residue indicated that it had lost only about 20 percent 
of its pectic substance. 

'This concentration was suggested by C. n. Purves, of tho Massachusetts Institnte of Tccbnology, since 
he had found that witb higher concentrations of acetic acid, some acetylation of the fiber occurred. 
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2. STATE OF THE PECTIC SUBSTANCE IN COTTON FIBERS 

Although some naturally occurring pectic substance is soluble in 
warm water, the modification most often encountered is not readily 
dissolved and appears to become soluble only after chemical treat
ment. The insoluble material as it exists in the native state has been 
termed protopectin [3]. This substance, on chemical treatment, is 
presumably converted to a soluble pectic substance. It is in respect 
to the nature of the insoluble form of pectin that many differences of 
opinion have arisen. 

Some investigators [14, 15] believe that a pectin-cellulose compound 
exists, which must first be hydrolyzed, before extraction of the pectin 
is possible. For example, Oarre [16] has shown that pectin from 
several sources appeared to be removed only after treatment with hot 
dilute acids, such as 0.01 N hydrochloric or 0.5-percent solutions of 
oxalic or citric acid. Others [17, 18] have suggested that natural 
pectin occurs in combination with certain metallic ions as insoluble 
salts. In support of this is the finding that calcium pectate is one of 
the constituents of the middle lamella of plant tissues [19]. 

The results described below, as well as those of a separate investi
gation,6 on the acidic properties of cotton fibers indicate that a pectin
cellulose compound does not exist in raw cotton fibers, and that the 
pectic substance is present on the fibers as insoluble salts of such 
polyvalent ions as calcium, magnesium, and iron [20]. If such a 
conclusion is correct, it should be possible to convert the native, in
soluble pectic substance in cotton to the soluble form, without 
hydrolysis or other degradation, simply by substituting monovalent 
cations, such as sodium or ammonium, for the polyvalent cations 
mentioned above. 

As has previously been mentioned, ammonium oxalate solutions 
have frequently been used by a number of investigators for the purpose 
of removing pectic substance from cotton fibers. Presumably, the 
pectic substance is converted to a soluble form by a process of double 
decomposition. Unfortunately, this evidence has not been considered 
conclusive, since the extraction process is carried out at elevated 
temperatures, and the experiments are therefore open to the criticism 
that some hydrolysis of the pectic substance may have occurred. 

The pectic substance can be removed, however, at low temperatures, 
where the possibilities for hydrolysis are at a minimum. In section 
III, 1 (b) it was shown that cold (0° to 3° 0) dilute solutions of am
monia had very little solvent effect on the pectic substance of dewaxed 
cotton, but that after the fiber had undergone treatments which 
removed the ash, the solubility of this substance was greatly increased 
in the same reagent. 

The ash was readily removed, either by extraction with a 96-percent 
solution of acetic acid or by electrodialysis in distilled water. The 
ash-free fiber was allowed to stand overnight in a 2-percent solution 
of ammonia at 0° to 3° O. Analysis of the treated material showed 
that about 90 percent of the pectic substance had been removed. 
Although there was no evidence of hydrolysis when the 96-percent 
acetic acid was used, this procedure may still be open to the same 
criticism given for the use of ammonium oxalate. This criticism is 
least applicable to the electrodialysis method of removal of ash, yet 

6 The results oC this Investigation Bre being prepared for publication: 
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the pectic substance from samples so treated was as readily removed as 
from samples treated with 96-percent acetic acid. The ease with 
which the pectic substance is removed from deashed cotton was even 
more strikingly demonstrated in titration experiments (see footnote 6), 
where it was shown that removal of ~his substancel begins when only 
very small amounts of dilute alkali have been added and the pH of the 
solution still remains on the acid side of neutrality. 

It appeared that it would be of some interest to isolate the pectic 
substance removed from the deashed fibers and to compare it with a 
sample of the material obtained ,by k'the commonly 'used ammonium 
oxalate method. The material was recoverediby the following pro
cedure. The ammoniacal extract was made acid with hydrochloric 
acid, whereupon a large proportion of the pectic substance precipi
tated and was removed by filtration. The filtrate was neutralized 
and concentrated at 40° C under reduced pressure to a small volume, 
and the remainder of the pectic substance precipitated by pouring 
the concentrate into an excess of cold ethanol. The precipitates were 
combined, dissolved in hot water, and dialyzed for 24 hours. The 
material was again precipitated by pouring the dialyzed solution into 
cold ethanol. The precipitate was then filtered off, washed with 
ethanol and with acetone, and finally dried in air. A comparison of 
the material with a sample of pectic substance obtained by the am
monium oxalate method is given in table 2. The values for the uronic 
acid-carbon dioxide contents of both samples are in good agreement. 
The fluidity of the sample obtained by the ammonium oxalate treat
ment is a little higher and is suggestive of the possibility that a small 
amount of hydrolysis of the pectic substance prepared by this method 
had occurred. 

TABLE 2.-Comparison of a sample of pectic substance, obtained by extraction of 
deashed collon with dilute ammonia solutions at 0° to So C, with that obtained from 
dewaxed cotton by the ammonium oxalate method 

Fluidity of 0.5 
Uronic acid- percent aqua-

Metbod of isolation of pectic carbon diox· ous solutIons 
substance ide adjusted to pH 

i, S.l (tempera, 
ture 21° 0) 

Percent Rhes 
Ammonium oxalate ......... 2O.S 23 
Ammonia ..... . . _ ........•.. 21.1 20 

3. RELATION OF THE PECTIC SUBSTANCE TO THE PROPERTIES OF 
COTTON FIBERS 

The ease with which the pectic substance is removed from deashed 
cotton fibers, as indicated in the preceding section, strongly suggests 
that a chemical union between the pectic substance and the cellulose 
does not exist. Furthermore, it would be expected that if such a 
combination did exist, removal of the pectic substance would require 
chemical cleavage of covalent linkages which might result in an 
alteration of the properties of the fibers. That this does not appear 
to be the case is shown by the data in table 3, which relate the pectic 
content to the tensile strength, copper number, and fluidity in cu
prammonium hydroxide solutions of the cotton. 
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TABLE 3.- Relation of pectic sltbstance content of cotton to some of the properties of 
the fiber 

Content 'l'ensile Copper 'freatment of pectic Fluidity 
substance strength number 

Percent 1,000 Iblin.' Rhes 
Dewaxed cotton _______________________________________ _ 1.15 89.3 0.95 0.18 
0.5-percent ammonium oxalate at 75° to 80° 0 (or 16 br _ 0.14 89.8 1.1 .02 
Boiling I-percent sodum hydroxide for 2 hL __________ _ . 00 94. 2 1.4 .01 
Concentrated hydrochloric acid (sp gr 1.18) at 30° C (or 4 hr _______ _____ ___ __ ___ _____ _____ ___________ __ ________ .92 0. 0 49.0 2. 15 
Boiling I-percent acetic acid (or 8 br ____________ ________ .60 86. 7 5.7 0.20 
Electrodialyzed __________________ _____________________ _ 1.15 100.2 1.4 .02 
Electrodialyzed sample treated witb 2-pcrcent ammonia at 0° to 3° C for 15 br ____ __ _________________ __________ 0.19 97. 7 1.4 .02 

In agreement with the results of earlier workers [21], it may he seen 
that there is a relationship between the decrease in tensile strength 
and the increase in cuprammonium hydroride fluidity. The most 
striking feature of these data, however, is found in the comparison of 
the properties of the fibers which had been treated with reagents such 
as ammonium oxalate or sodium hydroxide with those of fibers treated 
with acetic or hydrochoric acids. Cotton fibers freed from pectic 
substance by boiling in a I-percent solution of sodium hydroxide for 
2 hours exhibited tensile strengths which indicated that no damage 
had been done to them. Similarly, the tensile strength remained 
unchanged in those fibers from which most of the pectic substance 
was removed by ammonium oxalate extraction. These treatments 
appeared to effect an almost negligible increase in fluidity. 

On the other hand, treatments with acetic or hydrochloric acid 
removed much smaller amounts of the pectic substance but produced 
appreciable changes in tensible strength and fluidity. This wa~ 
especially noticeable in the sample treated w;ith concentrated hydro
chloric acid. The fiber structure was completely destroyed, yet the 
material lost only about 20 percent of its content of uronic acids. It 
might be argued, of course, that the hydrochloric acid had destroyed 
the structure of the pectic substance. Although quantitative evi
dence is lacking, qualitative examination of a sample of pectic sub
stance, isolated from cotton fibers which had been treated with con
centrated hydrochloric acid, as described in section 1, showed that it 
still retained its gelatinous structure and appeared in many ways to be 
similar to pectic substance isolated by much less drastic methods. 

4. BEHAVIOR OF COTTON FIBERS IN CUPRAMMONIUM 
HYDROXIDE SOLUTIONS 

During the preparation of the cuprammonium hydroxide solutions 
of cotton fibers for fluidity measurements, it was observed that solu
tions of dew axed cotton always showed a slight cloudiness, whereas 
solutions of cotton purified by treatment with a boiling I-percent 
solution of sodium hydroxide (see section III, 1 (a)) were clear. An 
examination 7 of the solutions under the microscope revealed the 
presence of an insoluble material having the appearance of the outer 
shell of the fiber. No such solid residue could be detected in solutions 
of the purified cotton. When the cloudy solutions were centrifuged, 

7 The results of tbis investigation are being prepared for publication. 
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a small amount of insoluble material was precipitated, and the 
solution became clear. 

In order to study the phenomenon further, and to determine the 
nature of this precipitate, 28.5 g of dew axed cotton was clissolved, by 
shaking for 20 hours, in 4 Ii-tel'S of cuprammonium hydroxide solution 
A. The resulting cloudy solution was centrifuged until it was prac
tically clear. The precipitate represented 3.22 percent of the original 
cotton sample. On analysis, a sample of the precipitate gave the 
carbon dioxide-rate curve characteristic of uronic acids and yielded 
58 mg of carbon dioxide per gram. From this value it was estimated 
that 28 percent of the precipitate was pectic substance and that this 
accounted for about 70 percent of the pectic substance in the original 
sample of dew axed cotton. When the precipitate was tested with 
ruthenium red [22], a considerable portion of it was stained red, which 
indicates the presence of pectic substance. With the iodine-sulfuric 
acid test, a portion of the material gave a blue color similar to that 
obtained with cellulose. 

The relatively mgh percentage of pectic substance in the precipitate 
and the recovery of such a large proportion of the pectic substance of 
the dewaxed cotton were indeed striking. Since, however, some cel
lulose appeared to be present in the precipitate, the question immedi
ately arose whether the precipitate was a stable cellulose-pectin com
pound or whether the pectic substance was contaminated, either with 
undissolved cellulose or with occluded, dissolved material. Some of 
the latter was undoubtedly always present, since a small portion of 
the cuprammonium solution was always retained by the precipitate. 
Although the evidence presented in section III, 2 and 3, indicated that 
a compound of pectic substance and cellulose did not exist, it, never
theless, seemed. advisable to further investigate the nature of the 
precipitate obtained in this experiment. 

Accordingly, the precipitate was resuspended in 200 ml of fresh 
cuprammonium hydroxide solution and the mixture allowed to stand 
for 24 hours, after wmch the insoluble portion was again removed by 
centrifuging. This procedure was repeated three times, and the final 
precipitate was then washed with dilute acetic acid, followed by suc
cessive washings with acetone and with benzene. The product 
yielded 150.3 mg of carbon dioxide per gram, which inclicated that the 
bulk of the cellulosic material had been removed and that the residue 
consisted largely of pectic substance. 

The material which remained in the cuprammonium hydroxide 
solution originally used to dissolve the dewaxed cotton, was precipi
tated by adding sufficient cold, dilute hydrochloric acid to bring the 
solution to neutrality. The precipitate was immediately washed with 
water and acetone, and then dried. On analysis the material gave a 
carbon dioxide-rate curve identical with that of glucose or cupram
monium rayon [4], wmch indicated the absence of detectable amounts 
of uronic acids. 

In order to determine whether the concentrations of copper or am
monia in the cuprammonium hydroxide solutions had special solubility 
effects with respect to the pectic substance, the same experiments 
described above were repeated, using cuprammonium hydroxide 
solution B. On shaking dewaxed cotton (calculated to form 0.5 
percent dispersion) with this solution, the cellulose quickly dispersed, 
leaving suspended in the mixture numerous bits of insoluble material, 
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which, under the microscope, appeared to be identical with those 
described in the previous experiment. Since this cuprammonium 
hydroxide solution has a greater density than that used in the previous 
experiment, the insoluble material was somewhat more difficult to 
remove during centrifuging, and a smaller yield was obtained. The 
material was further purified with fresh cuprammonium hydroxide 
solution, as previously described. The final precipitate was stained 
a deep red with ruthenium red and was found to yield 153 mg per 
gram of uronic acid-carbon dioxide, which indicated again that the 
fraction insoluble in cuprammonium hydroxide solutions is principally 
pectic substance. 

Finally, the same experiment was done with cotton which had been 
treated for 4 hours with hydrochloric acid (sp gr 1.18). This treat
ment is similar to that which Farr [23] states will remove the cement
ing material, of which one component, it is further stated, is the pectic 
fraction of cotton fibers. As in the previous experiments, a fraction 
insoluble in cuprammonium hydroxide solution was obtained, and 
accounted for a large proportion of the pectic substance of the original 
fiber. On further purification of this fraction with fresh cupram
monium hydroxide solution, a product was obtained which yielded 
164 mg of carbon dioxide per gram. Qualitative examination of the 
final precipitate showed that it retained its gelatinous structure and 
appeared to be similar to the pectic substance isolated by other 
procedures. 

A consideration of the results of the above experiments, as well as 
those shown in table 3, leads to the conclusion that the pectic substance 
does not contribute to the viscosity of cuprammonium hydroxide dis
persions of cotton fibers. Further evidence supporting this conclusion 
was obtained by shaking a O.l-gm sample 8 of pectic substance, iso
lated from cotton, as well as similar amounts of commercial prepara
tions of pectin 9 andp ectic acid,1O in 20-ml portions of cuprammonium 
hydroxide solution A for 4 days. At the end of this time, none of the 
materials appeared to have dissolved. Fluidity measurements of the 
cuprammonium hydroxide solution to which has been added the pectic 
substance from cotton showed it to be identical with the original 
cuprammonium hydroxide solution. 
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