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GENERAL INTRODUCTION 

It is very desirable to find good methods of utilizing the 

vast arnount of bark which is produced as a by-product in the 

pulp and paper and lurnbering industries. Up to the present, 

the atternpts at making use of bark have been centered for the 

most part around burning it or using its fibrous fraction as 

such. However, more attention has been turned recently to the 

idea of using bark by separating it chernically into fractions 

which rnight be of value. For example, the bark of certain 

trees contains a significant proportion of tanning agents, but 

these do not occur in quantities sufficient to warrant commer­

cial utilization; if other useful products could be isolated 

from these barks, extraction of the tannins might also become 

feasible. The first step in such an approach to the bark 

problem would appear to be a study of the chemical structure 

of bark constituents. 

In the last few years, work has been conducted in this 

departrnent on the chemical nature of white spruce bark. The 

substances extracted by alcohol and by water were studied by 

conventional methods, but an original approach to the study 

of the extractive-free residue was used. Instead of the 

usual extraction with sodium hydroxide, the bark was treated 

with liquid amrnonia. This process made available two addit­

ional fractions - one soluble i n liquid arnmonia and another 

made wat er-soluble by the liquid amnonia treatment. 
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The above extractions left about 48% by weight of the 

original bark as a dark brown mass. The research now to be 

reported deals with the separation and classification of the 

substances extracted from this residue by aqueous sodium 

hydroxide, and pays particular attention to the polysaccharides 

found in the extract. 
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HISTORICAL INTRODUCTION 

Probably the greatest single waste product of our forests 

today is bark. The Canada Year Book for 1952-53 (1) has re­

ported that 12,497,926 cords of unpeeled wood were consumed 

in Canada in 1950 by the pulp and paper industry. When 

Richter's estimate (2) that bark makes up 9 to 15% of the tree 

by volume is accepted, it follows that well over 100,000,000 

cu.ft. of bark are produced by the Canadian pulp and paper 

industry alone. The production of the lumbering industry is 

doubtless just as large. 

The disposal of this quantity of bark is one of the major 

problems of the log-consuming industries today. There was a 

time when bark could be discharged into rivers and streams, 

but in view of the expansion of industry and the spread of 

population in recent years, legislation now tends to prohibit 

such pollution. The uses to which bark is now being put can 

be broken down into three classifications - burning, use of 

whole bark fibres, and use of bark after separation into 

fractions. 

The most common utilization of bark at the present time 

is undoubtedly burning to produce heat. However, in most 

mills, bark arrives in a spongy, water-logged condition. 

Lebaron (3) has shown that bark containing more than 80% of 

water will not support combustion. In consequence, expensive 

pressing equipment must be installed, and even then the mois­

ture is only reduced to 65%. A large part of the heat produced 
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in the combustion vJill therefore be consumed in evaporating 

this residual water, so that the operation becomes merely a 

method of disposal rather than a practical utilization of 

the bark. Vroom (4) has studied the pyrolysis of bark in a 

fluidized bed at different temperatures and using a variety 

of fluidizing gases. This process yields three fractions -

an organic distillate, a gaseous portion, and a pyrophoric 

charcoal. The first portion might be utilized chemically, 

while the latter two might be burnt with only a little less 

heat output than that which would be obtained from the orig­

inal wet bark. 

There have been many suggestions involving the utilizat­

ion of bark fibres. These include, for example, the manufact­

uring of insulating boards (5), fortification with nitrogen 

for use in building up soils (6), and as a material to be 

impregnated with tars and asphalts (?). Chemical pulping of 

bark results in low yields, and a high consumption of chemic­

als (8) (9); the resultant product is only a low grade pulp, 

although its use as neTttsprint wrappings has been suggested. 

The separation from bark of fractions, or even individ­

ual compounds, of commercial value might result in a more 

lucrative utilization of bark wastes. As an example of such 

separations, the recent leasing of pat ents (10) for the 

extraction of tannins, Tt/axes, and dihydroquercitin from 

Douglas fir bark may be cited. The most valuable constituants 

extracted f rom bark at pres ent are probably the tannins. It 
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has been pointed out (11) that Canada imports 99.5% of its 

tannin requirements. Many of the problems concerning the 

extraction of bark for tannin are considered in a recent 

bulletin published by the Northeastern vlood Uti1ization 

Counci1 (12). The feasibility of extracting tannins differs 

widely from one species of tree to another. Thus, Kurth and 

Chan (13) have reported that extraction from Douglas fir bark 

would be practical, whereas Beebe, Luvisi, and Happisch (14) 

thought that Tennessee Valley oak bark would not be a pract­

ical source. Kurth (15) has observed, however, that the 

tannin content of bark is considerably lowered by transporting 

or storing the logs in water, a common practice at present. 

Perhaps chemical debarking, which would permit the bark to 

be removed and extracted in the woods, might be useful in 

this respect. This subject was recently reviewed by Mcintosh 

( 16). 

Since a chemical separation of the bark now appears to 

be the most interesting channel of utilization, considerably 

more knowledge of the s tructure of bark constituents should 

be gained, and the methods of isolating the useful components 

should be investigated. In most previ ous work, the emphasis 

has been on s eparating bark into vari ous broad groups of 

substances by means of classifications of differing solubil­

ities in various solvents and reagents. Little has been done 

to study t he chemical nature of the fractions in det ail. The 

r esult s of t his work have been discussed in r eview ar t icles 

by Segall and Purves (17) and by Kurth (18). 
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In industrial terminology "bark" refers to that portion 

of the log which can be readily removed by peeling. Botan­

ically, bark is more precisely defined as all the tissues 

external to the cambium (17). Prier to extraction, the bark 

has often been separated into "inner" and "outer" bark, which 

are considered to correspond to the "living" and "non-living" 

portions respectively. Pigman and Anderson (19) have supp­

orted this view experimentally by showing that certain con­

stituents, such as protein, sucrose, and pectin, which are 

usually associated with living tissue, are much more plentiful 

in the inner than in the outer bark. Jensen (20) has studied 

the relationship between the chemical composition and the 

anatomical structure of outer white birch bark by examining 

bark sections microscopically before and after extraction with 

certain solvents. He suggests that the ether-soluble portion 

arises from the layers formed in spring, while the components 

soluble in alcohol or sodium bisulphite are concentrated 

largely in the darker "summer outer bark". 

The method most commonly used for obtaining and separat­

ing the extractable components of bark was first worked out 

by Zellner and his collaborators. This method involves ex­

haustive extraction of the bark, first with alcohol and then 

with water, and then sub-division of the alcohol-soluble 

fraction into water-, petroleum ether-, ethyl ether-, and 

alcohol-soluble fractions. The details of this method, the 

types of compounds appearing in each fraction, and the results 
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obtained by Zellner and his associates in applying this 

technique to various European hardwood barks have been 

thoroughly summarized in the above-mentioned review articles. 

Kurth and Hubbard (21), in a study of Ponderosa pine bark, 

have attempted to obtain a better fractionation by the direct 

extraction of the bark with benzene, ethyl ether, alcohol, 

and wat er in succession, but this sequence vmuld involve con­

siderable complication in large-scale operations. The initial 

work carried out in this laboratory by Harwood (22)(23}(24} 

and Bishop ( 24) ( 25) on v-;rhite spruce bark followed the method 

of Zellner. This work is summarized in Figures I and II. 

Less knowledge is available on the constituents of the 

extractive-free bark than on the extractives. For this reason, 

it is still uncertain whether the co~aon structural elements 

of wood, such as lignin and cellulose, occur as such in the 

bark. I•1any of the investigations have been conducted on 

material which has been isolated under conditions of such 

vigour that considerable structural change is likely to result. 

For example, the extractive-free bark is usually re-extracted 

v.ri. th sodium hydroxide solutions, at temperatures well over 

lQOOC. Another reason why the early researches on extractive­

free bark are of limited value is because of the use of inad­

equate analytical methods. It has been customary to apply the 

analytical methods used for woods, but more recently the 

applicability of these to bark has been questioned, and much 

of the earlier data have become meaningless. Kurth (26} has 
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shown that neither the Cross and Bevan nor the ethanolamine 

determinations of cellulose give complete delignification in 

the case of bark. Hany workers have pointed out that suberin, 

tannin, phlobaphenes, and other non-lignin bark constituents 

are insoluble in 72% sulphuric acid, and that in consequence 

the Klason lignin determination is not a true measure of the 

lignin content. Hilpert and Knackstedt (27) have suggested 

that the usual method of determining pentosans may lead to lm.; 

results with bark, because of the condensation of the furfural 

formed from the pentosan with the phenolic substances present. 

In the subsequent discussion, the extractive-free bark will be 

dealt with under three structural subdivisions: suberin, bark 

"lignin" and polysaccharides. 

Suberin, the major constituent of the cork cells of bark, 

was isolated by Zetsche and co-workers (28) by boiling extract­

ive-free bark with 1{;0 sodium sulphite solution. They later 

showed (29) that the saponification of suberin yielded phloio­

nic acid, HOOC-(CH2)7-(CHOH)z-(CH2)7-COOH, phellonic ac~, 

HO-(CH2)21-COOH, and n-eicosanic acid, CH3-(CH2)1s-COOH. More 

recently, Jensen studied the structure of suberins, and isol­

ated eicosanedicarboxylic acid, HOOC-(CH2)2o-COOH, phellonic 

acid (30), phloionic acid (31), an unidentifi ed C18 acid (32), 

and phloionolic acid, HOCH2-(CH2)7-CHOH-CHOH-(CH2)7-COOH (33). 

Jensen also proved the chemical structures given for these 

acids. He concluded that suberin was a polyestolide of hydr­

oxy fat t y acids. Hergert and Kurth (3L~) s epar ated the cork 
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cells from the bast fibre of Douglas fir bark by a grinding 

and sieving process. They found evidence of a linkage 

between the hydroxy acids and a phenolic acid which they had 

isolated from an alkaline extraction of the bark, and concluded 

that, in Douglas fir cork, "the hydroxy acids are not only 

esterified to the phenolic acid, but also to each other in an 

etholide type linkage". They di d not at tempt to exp lain the 

function of the glycerol which they also obtained in the 

alkaline extract. Jablonski (35) seems to have uncovered a 

new approach to the study of suberins, when he extracted 

white spruce bark with liquid ammonia. He was able to show 

the presence in the extract of fatty acid amides, as well as 

glycerol, and he suggested that the glycerol might act as a 

cross-linking agent, contributing to the elasticity and 

chemical inertness of suberin. 

It has long been a matter of controversy whether or not 

any "lignin" is present in bark. The study of this "bark 

lignin" i s complicated because there is such a wide variety 

of phenoli c compounds present in the bark, and becaus e the 

nature of these compounds seerns to vary considerably from one 

speci es of tree to anoth er. The difference between wood and 

bark lignins is shown in the lmrrer methoxyl content of the 

latter, and the lmver yield of vanillin that is produced on 

oxidation with alkali and nitrobenzene. The procedures used in 

the isolation of bark "lignin" have often been rather drastic, 

sinc e bark " l i gni n" appear s to be bound t o t he ca rbohydrate 
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more strongly than wood lignin, and in many cases conditions 

which would decompose sensitive structures have been used. 

As mentioned above, the Klason lignin determination cannet be 

considered satisfactory for bark. For this reason, the term 

"bark lignin" is very indefinite, since there are no reliable 

methods of determining or isolating it. 

The work on bark "lignin" up to 1945 has been carefully 

reviewed by Segall and Purves (17}, and can be treated in less 

detail here. Wacek and Sch8n (36) have shown that the yield 

of Klason lignin from outer spruce bark varies greatly with 

the extent to which the extractives have been removed, and 

suggest that this is largely due to the interference of the 

tannins present. Sharkov (37} confirmed this view by showing 

that 72% sulphuric acid produces insoluble residues from fir 

bark tannin, and that the residues from the hot water and 

alcohol extracts of fir bark have similar carbon and hydrogen 

values. He concluded that these "lignins" are merely the 

insoluble products that natural tannins give with acid. 

Clotofski and Junge (38} found that the aqueous extract 

from beech bark yielded 6% vanillin on oxidation with alkal­

ine nitrobenzene, and this result indicated the presence of 

methoxylated substances resembling wood lignin. They also 

applied several of the methods worked out for wood lignin to 

their bark and found that Freudenberg's "cuprarrL'llonium" pro­

cedure gave the lowest yield of "lignin" (1$% ), but that this 

residue had the highest methoxyl content (15.5%) and gave the 
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best yield of vanillin (16.7%) on oxidation. Hilpert and 

Knackstedt (27) studied and compared the yield of 74~ sul­

phuric acid "lignin" and its methoxyl content for five 

European softwoods and also for hardwood bark fibre fractions. 

The yields of "lignin" ranged from 6.2% for spruce to 33.7% 

for eucalyptus, and the "lignin" methoxyl values from 1.4% 

for pine to 14.6% for maple. The wide divergency of these 

values led the authors to conclude that their products were 

mere artifacts. This viewpoint is now thought to be too 

severe, and while bark "lignin" is probably not structurally 

identical with wood lignin, there is a bark cell wall comp­

onent functionally analogous to lignin in wood. 

Lehmann and Wilke (39) treated solvent-extracted pine 

bark with 3% caustic soda at 130oc., and obtained "alkali­

soluble phlobaphenes". They noted that the treatment of these 

soluble extracts vrlth a hydrochloric-sulphuric acid mixture 

converted them to "alkali-insoluble lignins" which had an 

increased carbon content. They also found that as the ease 

of the extraction decreased, the methoxyl content of the 

extract increased. This observation confirmed an earlier one 

by Sharkov and Kalnina (40). Lewis, Brauns, Buchanan and 

Kurth (9) (41) isolated three lignin fractions from solvent­

extracted red1-1ood bark fibre. The first of the se ( lignin A) 

was extracted by a cook with 12.5~ alkali at 160°C., and was 

characterized by its low methoxyl content (2.7%). The second 

portion (lignin B) was obtained by repulping the residue with 
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22% alkali at 160°C., and had a higher methoxyl content 

(ll.é)%). On the basis of methylations with dimethyl sulphate 

and diazomethane, and of acetylation, it was concluded that 

lignin A contained a considerable number of free phenolic 

hydroxyl groups, and a significant number of carboxyl groups. 

The presence of alcoholic hydroxyl groups was also indicated. 

Lignin B possessed sorne carboxyl units, but Lewis and his 

colleagues could not ascertain whether these were really a 

part of this fraction or were due to contamination by lignin 

A. Lignin B had fewer free phenolic hydroxyl and more alcoh­

olic hydroxyl groups than lignin A. In general, lignin B was 

much more similar to wood lignin. Lignin C was very resist­

ant to pulping, and could not be extracted by sodium hydroxide 

or sulphite, but was removed as the phenol derivative, by 

heating the bark residue with phenol. This derivative cont­

ained 11.1% of methoxyl groups. Even the phenol left a small 

amount (2.71i ) of the Klason 11 lignin" unextracted. The bark 

11dust" fraction \'las found to consi st to a large extent of 

phenolic carboxylic a cids very closely resembling lignin A. 

Kurth and his co-workers then discovered similar lignin­

like constituents in Douglas fir bark. Kiefer and Kurth (42), 

examining the extractive-free bast fibres, fo und that about 

half of the Klason "ligninn content was removed in 1 hour at 

100°C. by 1% sodium hydroxide. The extracted material, a 

phenolic aci d s omewhat similar to that extracted f rom redwood 

bark, contained only 4.3% of methoxyl gr oups , and the pr esence 
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of carboxyl groups v:as shovm both by the methylation method 

and by infrared spectroscopy. Another "lignin" fraction, 

v>Tith 14.3';; of methoxyl, Y.ras extracted wi th dioxane containing 

o.l(; of hydrogen chloride, while the residual lignin, cont­

aining 11.1~ of methoxyl, was obtained by the 72)~ sulphuric 

acid method. Hergert and Kurth (33) heated the extractive­

free cork fraction from Douglas fir bark with boiling 1.2N 

alcoholic potassium hydroxide, and removed a substance 

containing 4.3l.{'a of methoxyl and 4.7,; of carboxyl groups. 

The ultra-violet absorption spectra showed this phenolic 

acid to be more similar to bark phlobaphenes than to 't'lood 

lignins. 

Gleason ( 43) treated methanol- and 1::ater-extracted spruce 

bark with ~~ sodium hydroxide at room temperature, and obtained 

14:;'0 of the original bark as a precipitate on acidification of 

the alkaline extract. This precipitate had 1. 45;~ of methoxyl 

groups. He studied the oxidation of this bark 11 lignin" vlith 

alkali and nitrobenzene but was unable to isolate any vanillin. 

After complete methylation with dimethyl sulphate, however, 

the bark yielded o.o~~ of vanillin on oxidation. Gleason also 

submitted his extract to high pressure hydrogenation in dio­

xane over copper chromite at 200°C. and 3000 pounds pressure. 

From the product, he obtained small yields of dimethylamine, 

4-methylcyclohexanol-1, and 4-n-propylcyclohexanol-1. In view 

of the se results, he concluded that bark lflignin" resembled 

soil humic acids more closely than wood lignin. 

The existence of true cellulose in bark seems to be in 
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as much doubt as the existence of true lignin. Determination 

of the extractives, ash, pentosans, and Klason lignin usually 

leaves unaccounted-for about 22-30% of the original bark . The 

attempts to elucidate the nature of this material, which should 

include the cellulose, have given quite contradictory results. 

Thus, Lehmann and Eisenhut (44), investigating the insoluble 

residue remaining after pulping pine bark vdth 1~ sodium 

sulphite at 140 to 150°C., claimed that the hydrolysate of 

the residue contained much galactose, although the identific­

ation was only by the mixed melting point or decomposition 

point of the osazone, which was not a reliable method. 

Frieze, Clotofski and Doderlein (45) obtained a similar result 

when they isolated galactose, rhamnose, and xylose, but no 

glucose, after degrading alkali-pulped pine bark with an 

acetic anhydride-sulphuric acid reagent. Hilpert and Knack­

stedt (27) went so far as to suggest that the cellulose they 

isolated by cooking various barks \·Ji th 5'/~ caustic soda was a 

mere artifact. There seems to be little evidence to substant­

iate so drastic a conclusion, however. 

On the ot her hand, Wacek and Sch8n (36), using pine bark 

pulped with alcoholic nitric acid, obtained a product which 

still had a significant amount of pentosan and of methoxyl 

groups, but which gave principally glucos e on hydrolysis. 

Lehmann and Wilke (39) pulped extractive-free bark with 

caustic soda, and then digested the residue with alcoholic 

nitric acid, alkaline hydrogen peroxide, or chlorine dioxide . 
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The residual material still contained significant amounts of 

pentosan, gave an X-ray powder diagram not identical with that 

of cellulose, and was unusually resistant to hydrolysis with 

43% hydrochloric acid. Clotofski, ltleikert and Nick (46) 

obtained a "skeletal substance" by pulping extractive-free 

bark with sodium sulphite. They showed that the hydrolysate 

from this pulp contained considerable amounts of fermentable 

sugars, but could not isolate any pure glucose, galactose or 

mannose from it, possibly because of interference by the 

phenolic material that was also present. 

A significant contribution to this work on bark cellul­

ose was made v;hen Levlis and his collaborators ( 9) investigated 

solvent-extracted redwood bark fibres. The product from an 

alkali pulp still contained 30~ of lignin. In this case, 

however, the Cross and Bevan procedure appeared to yield a 

lignin-free product, which contained 89.6% of CX::-cellulose. 

They found the unpulped, extractive-free fibre to contain 

46.% of glucose, with l esser amounts of mannose and xylos e, 

and they concluded that the redvmod bark fibre was inherently 

a cellulose fibre, but that the cellulose was more strongly 

linked to "lignin" than was wood cellulose. Kurth and his 

associates (21) (34) (47) (48) (49 ), working with va rious 

Western pine, cedar and fir barks, nevertheless found that 

delignification by either the ethanolamine or the Cross and 

Bevan procedure wa s quite unsatis f actory. They preferred the 

s odium chlorite treatment of Hise (50), but even this procedure 
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led to degradation and loss in carbohydrate material when the 

lignin content was reduced below 6%. Since the predominant 

sugar in the holocellulose hydrolysate was glucose in each 

case, they concluded that the fibre was cellulosic in nature. 

Of the non-cellulosic carbohydrates in bark, pectin, 

gums, mucilages, hemicelluloses and starch have all been 

suggested as possible constituents, but very little investig­

ation of these substances has taken place, and these claims 

are seldom backed up by the actual isolation of the material. 

One of the rare cases in which the structure of a polysacc­

haride isolated from bark has been studied was reported by 

Gill, Hirst and Jones (51) (52), for a mucilage which had 

originally been isolated by Anderson (53} by the aqueous 

extraction of the bark of the slippery elm. They showed 

this mucilage to be composed of D-galactose, 1-rhamnose, and 

D-galacturonic acid residues, and proposed a tentative struct­

ure on the basis of the products from the hydrolysis of the 

purified methylated mucilage. 

Sanderson (54) subjected extractive-free white spruce 

bark, which had been pretreated with liquid ammonia, to another 

extraction with water, and obtained carbohydrate and pectic 

materials, together with tannins and ether non-carbohydrate 

contaminants. After bleaching his samples with acidulated 

sodium chlorite solution he was able to show that the poly­

saccharides were based on galactose, glucose, xylose, arab­

inose, and uronic acids, but, even after considerable fract-
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ionation, he was unable to isolate a pure material for detailed 

structural study. About the same time, Jablonslci ( 3 5), working 

with the liquid ammonia extract, demonstrated the presence of 

carbohydrate material, which when fractionated yielded an 

araban and a glucosan, but he did not investigate these crude 

products in detail. 

The interesting group of polysaccharides called the 

pectins are widely distributed throughout the plant kingdom. 

The main constituent of this group is a polygalacturonic 

acid, or pectic acid, although sorne of the carboxyl groups 

usually occur as the methyl ester. The free carboxyl groups 

are often involved as salts, calcium and magnesium being the 

two most common cations concerned. Associated with this 

pectic acid, however, are a galactan and an araban. Since 

these three substances almost always occur together, and 

since their solubilities are so similar, they are always 

extracted together, and so all three are classified as the 

pectic substances. Hirst and Jones (55) and Whistler and 

Smart (56) have contributed excellent reviews on the chemistry 

of these materials, while Kertesz (57) in a recent book has 

covered the principal aspects of this field. Nevertheless, 

reviev-m on pectic ma terials in \vood seem to be lac king. 

The pectic substances occur most abundantly in fruits, 

roots and young growing tissue, and it \'las at one time believed 

that they did not occur in mature plant tissues. However, their 

presence has now been shovm in matur e cot ton , wood, bark and 
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grain kernels in low concentrations. The physiological role of 

pectin in plants is not certain. Their most important function 

appears to be as a cement to hold the cells together, although 

other substances, such as lignin, serve this purpose as well. 

Because of their hydrophilic nature, pectins can hold several 

times their own weight in water, and they probably also play 

an important part in the ability of plant tissue to take up 

and hold water. 

It was at first believed that pectin was formed early in 

the growth of the plant and later became converted into lig­

nin, mainly because von Fellenberg (58) found unlignified 

tissue contained a much higher concentration of pectin than 

lignified tissue. Fuchs (59) suggested that hemicelluloses 

were an intermediate in this transformation. This view was 

disproved by Buston (60) who showed that the total pectin 

content of rosewood during lignification did not decrease, 

although the absolute concentration fell because of the 

abundant formation of cellulose in the secondary wall, and 

of the formation of lignin and hemicelluloses. The existence 

of a chemical linkage between pectic acid and other polysacc­

harides in plants has also been discussed. Sucharipa (61) 

suggested an ester l inkage between pectin and cellulose, while 

Henglein (62) favoured intermolecular calcium salt bridges 

between pectic acid and free carboxyl groups in cellulose 

molecules. Neither of these ideas was substantiated by suff­

i cient expe r iment al evidenc e . For a long t i me , however, t here 
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was much controversy as to whether the araban and galactan 

were chemically linked to the pectic acid. Nanji, Paton and 

Ling (63) proposed a cyclic pectin structure containing gal­

acturonic acid, galactose, and arabinose, but Ehrlich and 

Schubert (64) found that pure araban could be extracted from 

the mixture by autoclaving in water. Schneider and Bock (65) 

believed that the three components occurred in separate poly­

saccharides, although they had to use acid conditions to 

obtain pectic acid free from the other two. Hirst and Jones 

(66) (67) then succeeded in separating sorne pure araban and 

galactan from selected crude pectic extracts by mild physical 

separations, although neither was completely removed by these 

methods. This result was considered to indicate t hat t here 

was no linkage between the araban and galactan. Speiser, 

Eddy and Hills {68) took t he opposite viewpoint, and measured 

an activation energy of 18.5 kcal. for the acid cleavage of 

the proposed ester linkage between pectic acid and the "ball­

ast materials" (araban and galactan). 

Hirst, Jones and their collaborators showed the araban to 

be a highly branched polymer of 1,5-oC- linked arabofuranose 

residues, and the galactan to consi st of linear anhydrogalact­

opyranose units linked in the ~ configuration through the 4 

position . The evi dence for these structures i s given by 

these workers in their review article (5 5). The early workers 

were able to identify galacturonic acid as the main product of 

the hydrolysis of pecti c a ci d, but since they were not able to 
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obtain pure material, made little progress on the structure. 

Baur and Link (69) obtained a pure but degraded pectic acid 

by heating crude pectin with methanolic hydrogen chloride. 

The galactan and araban were preferentially hydrolysed by 

this treatment, leaving polygalacturonides of eight to ten 

uronic acid residues. Schneider and Bock (70), by measuring 

the viscosity of dinitropectin, found undegraded pectin had 

an average degree of polymerization of about 700. Henglein 

and Schneider (71) studied the physical properties of this 

nitropectin in solution, and suggested a 1,4-glycosidic link­

age as the basis of the pectic acid structure. The first 

reliable chemical evidence of this structure was put forward 

by Levene and Kreider (72), who oxidized a pectic acid with 

periodic acid, and,after hydrolysis of the product and oxid­

ation with bromine, obtained D-tartaric acid, indicating that 

free hydroxyl groups OCCl~red on the C2 and c3 atoms. Since 

the extreme resistance of pectic acid to acid suggested the 

more stable pyranose ring structure, the C4 position was 

left for the glycosidic linkage. The highly dextrorotatory 

optical rotation suggested an ~glycosidic configuration. 

Hirst (73), Beaven and Jones (74), and Smith and Luckett (75), 

have confirmed much of this structure by methylation studies 

of various degraded pectic acids, but since no trimethylgal­

acturonic acid has yet been isolated from the non-reducing 

end group, the position of the linkage has not been established 

with absolute certainty. However, recently Jones and Reid (76) 



have shown the presence of the 1,4 linkage in a trigalact­

uronide isolated by enzymatic hydrolysis. 
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This structural work disproved another idea favoured by 

the earlier workers. Candlin and Schryver (77), noting the 

configurational similarity between D-galactose, D-galacturonic 

acid, and 1-arabinose, suggested that pectic acid was formed 

by oxidation of the primary hydroxyl group of the galactan 

and that the araban was then formed by decarboxylation. Since, 

however, the araban was found by Hirst and Jones to be based 

on furan and not pyran units, the above mechanism would have 

to include, in addition, hydrolysis and repolymerization 

steps. 

Earlier work on the occurrence of pectin in woods includes 

that of Ritter (78), who conducted a microchemical investig­

ation of the middle lamella using solvenœfor pectin and 

lignin. He found a considerable amount of lignin (70%) but 

no evidence for pectin, and concluded that in woods, lignin 

replaced the pectin of softer plant tissues as the bond1ng 

material between the cells. According to Kerr and Bailey 

(79) (80), however, in completely delignified wood the cells 

did not separate until they were treated with pectin solvents. 

They concluded that pectic materials also played a role in 

the binding of the cells. Bailey (80) also showed that while 

the major portion of the supposed pectin was located in the 

middle lamella, sorne was also present in the primary cell wall 

i n lower concentrat i on. 



Pectin was conclusively proved to be present in woods 

in 1925, when Miss O'Dwyer (81) succeeded in isolating the 

substance from beechwood. She treated the wood meal, which 

had been previously extracted with water and 4% caustic soda, 

with hot aqueous ammonium oxalate. After the removal of tan­

nins from this extract with hide powder, pectin amounting to 

0.3-0.5% of the original wood was precipitated on acidific­

ation, and was characterized by optical rotation and by the 

yield of furfural. Another early isolation of pectin from 

woods was by Preece (82) who showed boxwood to contain 0.4% 

of pectin by extraction vlith hot ammonium oxalate solution. 

The most thorough study of pectins in wood was that of 

Anderson and his co-workers, who showed that, while pectin 

occurred in somewhat lo\'.rer quanti ty in woods than in other 

plants, it was present in all the wood species studied. 

These species included black locust (83), lemonwood, mesquite, 

and white pine (84), aspen (85), cottonwood (86), Douglas fir, 

western hemlock, Western red cedar, and black spruce (87). 

The yield of pectic material was less than 1% in all cases. 

These workers isolated the wood pectic substances in three 

fractions - pectin A by extraction of the extractive-free wood 

meal with 0.05N hydrochloric acid, and pectin B by treating 

the residue with 5% ammonium hydroxide. A further portion, 

pectin C, was resistant to this treatment, and could only be 

isolated by first chlorinating the residue and extracting it 

with ethanol before the main extraction with ammonium hydroxide. 
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Each of these fractions, A, B and C, after purification by 

repeated precipitations as the calcium salt, yielded a pure 

pectic acid quite similar to that isolated from fruits. 

Pectins have been reported to occur in many other woods 

by various workers who, however, in general, do not charact­

erize their material in the careful manner that is shown in 

the work of Anderson. The presence of pectic material is 

often based on a uronic acid determination of the wood. 

Claims such as these are of little significance, since uronic 

acid residues also occur in other structures corn.monly found 

in wood. 

\Vhile a few workers have suggested that pectin is pres­

ent in bark, information as to its amount is non-existent, 

and the isolation and characterization of a pure sample is 

rare. Graham and Rose (88) reported that "pectinous matter" 

interfered with extraction of tannins from balsam bark by 

hot water, but gave no details as to the nature of this 

material. Heiduschka and Chang (89) claimed that the bark 

of the paper mulberry contained 9.1% of pectin, but this was 

only based on the amount of methanol released by saponificat­

ion in alkali. This method is of little value when applied 

to bark, since the nature of many of the constituents is 

unknown. Buston and Hopf (90), working with ash bark, and 

Haas (91) who studied the bark of several citrus fruit trees, 

isolated the pectic material by precipitation of the calcium 

salt, but did no further characterization. Hay and Lewis (92}, 
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investigating balsam bark, suggested that the gelatinous 

material which covered certain cells after the sol vent- ext­

racted bark was heated in water was pectin-like in nature, 

but they did not isolate the material. 

Probably the best example of the isolation of a pectic 

acid from bark was reported by Lewis, Brauns, Buchanan and 

Kurth (9) in their study of redwood bark. These workers 

found that the bark "dust" fraction yielded 9.6% of an aqueous 

extract which contained 58.3% of uronic anhydride and yielded 

mucic acid on oxidation with 25~ nitric acid. After oxidation 

with bromine water and precipitation with alcohol, a product 

of 76% uronic anhydride content and specifie rotation +233° 

was obtained. These figures are comparable with those of 

pectins from other sources. 

Black spruce bark has also been shown to contain a con­

siderable amount of pectic material. Anderson and Pigman 

(19) found the inner bark of this tree to contain l~~ of 

uronic anhydride, vvhich they assumed to be pectic in nature. 

In a later report, Pigman, Anderson and Leaf (93) isolated 

sorne of this material by extraction of the bark holocellulose 

with 5% ammonium hydroxide, but the yield was not reported. 

The specifie rotation of this material was only +BOO, and the 

uronic acid content only 65%. Only 28% of the theoretical 

yield of galacturonic acid was isolated on enzymatic hydrol­

ysis of the sample, which appeared to be an impure pectic 

acid. Sanderson (54}, working on extractive-free white spruce 
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bark, which had been treated v:ith liquid ammonia, isolated 

a fraction by aqueous extraction ~·rhich was found to contain 

pectic mat erial amounting to 1. 9~'~ of the original bark. 

This pectin was characterized by oxidation-hydrolysis to 

mucic acid, using a mixture of bromine and hydrobromic acid. 

As the main reserve material in plants, starch occurs 

1·Jidely throughout the plant kingdom, and it s presence in woods 

and barks \•Jould not be surprising. Several workers inferred 

its presence on the basis of colourations \"lith iodine, but 

other materials, such as hemicelluloses, sometimes give this 

test and a positive identification of starch can only be made 

after isolation. The first definite isolation of starch 

from a vrood was report ed in 193 5 by Campbell ( 94) , vrho found 

that the tannins could be removed by extraction \"lith Hater 

at 60°, and that quite pure starch was then extracted with 

\vat er at 100°. '9y this me ans, he extract ed 1.38;'b of starch 

from oak sapwood, o. /.:.3~~ from v.Jalnut sap\'lood, but only a little 

from the heartt,roods. This starch was characterized by it s 

optical rotation and by its fermentation by the enzyme taka­

diastase. O'Dwyer (95) later found that the glucosan she 

had observed in her hemicellulose extracts was hydrolysed 

by the same enzyme, and v·ras, therefore, apparently starch. 

About the same time, l'riemann, Roberts and Link ( 96) 

isolated a starch polysaccharide from the vvoody tissue of the 

apple tree by extraction wi th hot 20/h aqueous ethanol. The 

material was identified by its rotation and viscosity, and 
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by the rotation of its triacetate. The products from hydro­

lysis with acid and enzymes, and from methanolysis, were 

studied, and each contained glucose as the only sugar unit 

present. Spoehr and i-iilner ( 97) isolated a starch from the 

wood of black locust roots by extraction \vith hot water. A 

more detailed study of the starches from elm and maple has 

been reported by Campbell, Percival and their associates (98) 

( 99). This work has shown v'lOod starch to be qui te similar 

to starch from other sources. They showed it to be about 

20% amylose by iodine titration. It formed a triacetate and 

a trimethyl ether, and the methylated starch, on hydrolysis 

and separation on a cellulose column, yielded chiefly 2,3,6-

trimethylglucose with smaller quantities of di- and tetra­

methylglucoses. The yield of the tetramethyl glucose indic­

ated that the amylopectin portion of the starch had 20 glucose 

units per non-reducing end group, or was similar to the values 

found in other starches. Viscosity determinations on the 

methyl derivative suggested an average molecular weight of 

about 500,000. 

To conclude this review, it seems opportune to summarize 

the work done on white spruce bark here at McGill University 

during recent years, in order that the background and prev­

ious treatment of the bark used in the present research will 

be clear. These extractions are outlined in Figure III. 

Since, in many of the other studies, detailed information could 

not be obtained because insufficient material was available, 
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Harwood (22) (23) (24) started this project by extracting 600 

pounds of bark with methanol. He fractionated the extract 

according to Zellner's procedure (Figure I) and studied the 

wax, wax acids, fatty acids, resin acids and terpenes which 

were present in these fractions. Later, Tvlurdock (lOO) invest­

igated the sterol fraction. Andrews (101) has recently com­

pleted an investigation of the phlobaphenes (Group III); he 

isolated a crystalline glucoside, proposed a structure for 

the aglucone, and showed the presence of another glycoside. 

Bishop ( 24) ( 25) extracted the residual bark with cold and 

hot water. The extract was combined with the water-soluble 

material from the methanol extract, and the two were invest­

igated together. These extracts contained free glucose and 

mannose, complex phenolic glucosides and mannosides, and a 

large amount of tannin (Figure II). Harpham (102) removed 

the tannins by adsorption on hide powder, and the sugars by 

fermentation, and then studied the remaining glycosides by 

acetylation and chromatography on alumina. He was unable to 

isolate any crystalline material, but gained considerable in­

sight into the nature of the compounds present. Jablonski (35) 

treated the water-extracted bark with liquid ammonia, which 

removed the suberin as acid amides, together with phenolic 

and carbohydrate material. Sanderson (54) re-extracted the 

residual bark from the liquid ammonia extraction with cold 

and hot water, and obtained an extract containing carbohydr­

ates, pectins and tannins. The present report is concerned with 

the residue left by Sanderson. 
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DISCUSSION OF RESULTS 

As previously outlined, the bark used in this extraction 

had already been extracted by methanol, water, liquid ammonia, 

and again with water. Prior to the liquid ammonia treatment, 

the bark had be en passed through a Mead Vlill, so that the 

particles were all less than 1/8" in diarneter. Since the 

aqueous extractions carried out by Sanderson (54) had all 

been batch operations, they were not exhaustive, and to 

complete the removal of the water-solubles, the present 

research commenced by re-extracting the bark exhaustively 

with water in a Soxhlet apparatus. This extraction removed 

a further 1.06% of material, based on the dry weight of the 

original bark. The aqueous extract was dark red-brown in 

colour, and was readily attacked by molds if left open to 

the atmosphere, but the solid extract was not isolated or 

investigated. The residual bark from this exhaustive ext­

raction is hereafter referred to as "water-extracted bark". 

Small-Scale Extractions with Alkali 

For further study of the ba rk constituents, it appeared 

that extraction with aqueous alka l i was r equired. Since the 

purpose was to isolate these materials in a state as similar 

as possible to the one in which they existed in the original 

bark, a considerable numb er of small-scale extractions were 

carried out so t hat the l east destructive condi tions could be 
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selected. The rnethod outlined in the Experimental Section 

recovered the extracted material from two sources - the alk­

aline extract itself, and the subsequent aqueous washings of 

the extracted bark. The second source usually gave the 

lareer amount. In most of the small-scale experiments, the 

two extracts were worked up together as a matter of conven­

ience, but in the large-scale extractions, they were kept 

separate. A preliminary experiment shoNed that sodium 

hydroxide extracted 1~~ of the bark, ;-Jhile potassium hydro­

xide, under the same conditions, removed only 1~~. The 

former "~.•ras therefore more efficient. 

Tr,-Jo methods of precipitating the extracted material were 

investigated. 'fhe first 1t1as to acidify the liquor rtli th 

sulphuric acid; the precipitate which formed only amounted 

to half of the 1-veight lost by the bark. The soluble portion 

was obtained by renoving the sodium sulphate by dialysis, 

concentration and then precipitation by the addition of two 

volumes of alcohol. The second method of isolation involved 

neutrali zation with ac etic acid, concentration in vacuum , 

and then acidification with more acetic acid to cause the 

first precipita te to fonn. Two volumes of alcohol \"lere th en 

added to the mother liquor and the product collected. The 

acidification vfith sulphuric acid gave products of loTv;er ash 

(7-8% compared to 12-15% by the acetic acid method) but the 

precipitates were darker in colour. A poss ible explanation 

for the discolouration was that the extract could not be 
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washed completely acid-free, because when the pH of the 

washings rose above about 4.5, the extract became dispersed 

in the washings. Acetic acid, on the other hand, was 

readily removed by washing with aqueous alcohol. A further 

advantage of using acetic acid for the neutralization was the 

solubility of sodium acetate in aqueous alcohol. Since 

sodium sulphate was insoluble in 2:1 alcohol-water mixtures, 

it had to be removed by dialysis before the alcohol precip­

itation could take place. While this step could be carried 

out on a small scale without difficulty, a large-scale dial­

ysis would involve considerable experimental complication. 

The total weight of t he precipitates from the two methods 

was the same, usually about 5-10% less than the weight lost 

by the bark; in the acetic acid method, however, the ratio 

of the two precipitates varied widely with the experimental 

conditions. Apparently, colloidal phenomena played a greater 

part in this case. Because the product appeared better, and 

because the method was more adaptable to large-scale work, 

acidification with acetic acid was finally adopted. 

The first factor to be studied was the duration of ext­

raction. vfuen the extractions were carried out wi t h ê,i 

sodium hydroxide solution on bark samples, the loss in 18 

hours was 9.3% of the original weight, while that in 72 hours 

was 24.7%. These figures seemed to indicate that, while sorne 

decrease in the rate of extraction occurred over the longer 

peri od, the extracting power of the alkali was definitely not 
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satiated during the shorter extraction. Since only these two 

extraction periods were studied, the selection of 72 hours 

was somewhat arbitrary, but at least this order of time 

seemed to be advantageous. 

The effect of the concentration of the caustic solution 

on the course of the extraction was then investigated by 

. means of single extractions carried out under otherwise 

identical conditions. The results are summarized in Table 

I. As might have been expected, the amount of material ext­

racted increased with increasing sodium hydroxide concent­

ration. However, in selecting the optimum concentration for 

large-scale extraction, other factors must also be considered. 

Using the solubility values for sodium acetate in aqueous 

ethanol given by Seidell (103), it was estimated that 5% 

sodium hydroxide was the strongest that could be used without 

precipitating sodium acetate during the addition of the 

alcohol. Further, when more exhaustive extractions were 

studied, the difference between 2% and 5 .~ caustic soda was 

almost eliminated, as shown in Table II. The small amount 

of material lost in the fourth extraction was apparently 

largely experimental error, since only a small amount could 

be precipitated from the liquors. It appeared that three 

treatments were required for an exhaustive extraction, whether 

2% or 5% caustic was used, and it seemed preferable to use 

the milder reagent. 

The next factor to be studied was the r atio of liquor to 



TABLE I 

Effect of the Sodium Hydroxide Concentration on 
the Amount of,Bark Extracted (a). 

Concentration of 
NaOH soln. 

% Weight loss 
of bark 

1% . . . . . . . . . . . • . . . . • . . . 14 

27'o • • • • • • • • • • • • • • • • • • • • là. 5 

5% • • • • • . . • . • . . • . . • • • • • 21 

107& • • • • • • • • • • • • • • • • • • • • 2S 

(a) Conditions: 10 gm . of bark stirred with 200 ml. 
of alkali at room temperature for 72 hours. 

TABLE II 

Effect of Consecutive Extractions on the Weight 
Loss of Bark (a). 

Cumulative 
Per cent Extracted 
5% Na OH 2o/o Na OH 

Extraction 1 • • • • • • • • • • 21 . . . . . . . 18.5 

Extraction 2 . . . . . . . . . . 39 . . . . . . . 36 

Extraction 3 . . . . . . . . . . 44 ....... 43 

Extraction 4 . . . . . . . . . . 46 . . . . . . . 45 

(a) Conditions: As in Table I 
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bark and the minimum volume of washings required to complete 

the extraction. A constant volume of water was used for 

each washing, and the number required ltras recorded. These 

result s are summari zed in Table III . A 10: 1 rati o \vas un-

satisfactory since the resulting mixture was not sufficiently 



fluid for efficient mixing. Further, although increasing 

the ratio to 30:1 did increase the amount of material ext-

racted somewhat, the increase was not sufficient to permit 

complete extraction in two treatments. It did not reduce 

the amount of water washing to a large extent either, so 

there seemed to be little gain in increasing the volume of 

liquor beyond 20:1. 

TABLE III 

Effect of Liquor to Bark Ratio on the 
Amount Extracted(a) 

Ratio 

Per cent of bark extracted 

No. of washings required 7 

(a) Conditions: 10 gm. of bark stirred with 2% 
sodium hydroxide for 72 hours. 
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Since the large-scale extraction had to be carried out 

without efficient stirring, a small extraction was run in 

this manner to see how it would affect the results. While 

the stirred extraction resulted in a weight loss of 18%, 

this value dropped to 13.5% when the bark was merely allowed 

to stand in contact with the alkali with no agitation. Hence 

the decrease in the rate of extraction was quite significant, 

and suggested the importance of diffusion in the extraction 

pro cess. 



37. 

Large-Scale Extraction 

Two large-scale extractions were carried out, each using 

one kilogram of bark and 15 litres of 2% sodium hydroxide 

solution. The reaction vessel was a large stainless steel 

pot, which was sealed at the top by a glass desiccator lid. 

Originally, the pot was to have a stainless steel stirrer 

built for agitation, but after a conference with Mr. de 

Montmorency and Mr. Webb of the workshop, it was decided 

that the time and cost involved were too great to justify 

this project. Thus the total amount of _material extracted 

from the bark was less than the amount expected from the 

results of the small-scale extractions. When the extraction 

vessel was opened, a strong smell of ammonia was evident. 

Since any ammonium acetate formed by Sanderson would have 

been eliminated during the exhaustive aqueous extractions, 

it seemed likely that this adour was caused by the displace­

ment of ammonia from acidic groups in the bark by sodium 

hydroxide. 

The concentrati on of the n eutralized extract was carried 

out in a large, steam-heated stainless steel still under 

vacuum, the rate of distillation being adjusted so that the 

temperature of the liquid in the still pot was kept below 45°C. 

This method allowed the water to be removed rapidly, but 

suffered from the disadvantage that the material tended to 

coat on the walls of the s t ill as the level inside receded. 

Hence this material was dried from wat er during the concent -
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ration, and its colloidal properties during the subsequent 

precipitation might have been affected. 

After precipitation of the extracted material by a 

method similar to that used for the small-scale extractions, 

Fractions ~' b, ~and d were obtained as shown in Figure IV. 

Since several extractions were carried out on each ,portion 

of the bark, these fractions were obtained in several sub­

fractions which are listed in Table IV. ~fuen the total 

weight of these fractions was compared with the weight loss 

in the bark, about 5~ of the original material was lacking. 

To account for this deficit, the combined mother liquors from 

the extractions and washings were first evaporated under 

reduced pressure in the large still until all of the alcohol 

and part of the water was removed. After the residual solution 

had stood for a few days, a precipitate, which was collected 

and designated as Fraction E, settled. Fraction F was isol­

ated from an aliquot of the remaining solution by precipitat­

ion with acetone after neutralization and rernoval of inorganic 

material by dialysis; Fraction G by evaporation of the aqueous 

acetone mother liquor to dryness. This procedure is outlined 

in Figure V, and the yields and analyses of these three frac­

tions are given in Table V. 

These fractions accounted for only a part of the missing 

material. The recovery during the complete large-scale extra­

ction was outlined in Table VI, which showed 98.2% recovery 

if no correction was made for ash, or 94.2% if an ash corr-
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FIGURE IV 

Alkaline Extraction of the Bark 

Liquid Ammonia and 
Water Extracted Bark 

2% NaOH(a) 

residue 

neutralized, 
concentrated, 
acidified. 

washed with water 

precipitate 1 solution 

1 1 

solution 

Fraction a 

precipita te 

1 
Fraction s. 

2 vols. 
ethanol 

neutralized, conc­
entrated, acidified. Residue 

solution 

solution 

1 
Combined Mother 

Liquors 

(FIGURE V) 

solution 

2 vols. 
ethanol 

precipitate 

l 
Fraction b 

precipita te 

1 
Fraction d 

(a) Total of seven extractions v:0::.·e carrit;rl (>• t on tHo portions of the bar~{ . 

\..V 
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TABLE IV 

Weights of the Precipitates from the 
Large-Scale Extractions (a) 

lst Extraction(b) 

Fraction Weight in 

a b _g, 

Extraction 1 25.80 63.11 19.09 

Extraction 2 8.47 42.10 5.06 

Extraction 3 7.78 35.25 4.54 

Total weight 42.05 140.46 28.69 

Per cent of original bark 2.0<}% 7 .oafo 1.43% 

Total per cent 

2nd Extraction( c) 

Extraction 4 28.80 25.95 28.46 

Extraction 5 19.72 22.37 17.76 

Extraction 6 16.82 6.1 20.95 

Extraction 7 19.17 11.55 

Tot al wei ght 84.51 54.42 78.72 

Per cent of original bark 4.01% 2.57% 3.73% 

Total per cent 

(a) Weights uncorrected for ash 

40. 

Grams 

d 

48.37 

2.45 

3.14 

53.96 

2.6$% 

12.~ 

9.40 

29.55 

25.1 

8.3 

72.35 

3.42% 

12·7~ 

(b) From 946 gm. of water-extracted bark, or 2008 
gm. of original bark 

(c) From 995 gm. of water-extracted bark, or 2112 
gm. of the original bark. 



FIGURE V 

Isolation of Fractions E, F and G 

Combined rJlother 

Liquors 

concentrated 
to 20 litres 

frecipitate J solution 
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Fraction E 2000 ml. aliquot 

solution 
.----

evaporated 
to dryness 

Fraction G 

neutralized, 
dialysed, 
c one entrated, 
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• 
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TABLE V 

Yields and Analyses of the l\1inor Fractions 

Fraction E Fraction F Fraction 

Yield (gm.)(a) 13.5 21.2 30.2 

Yield (%) 0.69 1.09 1.55 

Ash (%) 16.6 10.4 18.8 

IJ!ethoxyl (%) ( b) 2.57 2.04 2.19 

Furfural (%) ( c) 2.33 6.01 8.62 

Uronic anhydride (%) { b) 8.98 12.3 4.31 

{a) Uncorrected for ash. Extracted from 1949 gm. 
of moisture-free bark, or 4138 gm. of the original 
bark. 

(b) Corrected for ash 

(c) Corrected for ash and for the furfural produced 
from the uronic anhydride. 

ection was made. The correct value probably lay between 

these two. The high ash contents in the alkaline extracts 

resulted from the displacement of hydrogen in acid groups 

by sodium, and when this salt was i gnited under the usual 

conditions, the resultant product was sodium carbonate, 

which contained only 43% of sodium. Renee, the ash deter­

minations provided a good basis for comparing wei ghts of 

different ash contents, but the absolute values obtained 

rnight be expected to be a little high. The recovery of 

94.2% was considered to be satisfactory, since analytical 

G 
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TABLE VI 

Material Balance for Large-Scale Extraction 

Wt. of Ash Ash-free ~ of % of 
Fraction weight starting original 

~gm) ...L ~ gm) material bark 

Bark residue 1294 4.95 1230 66.4 31.3 

Fraction A(a) 321.4 18.0 263.6 16.5 7.8 

Fraction c(a) 122.4 13.9 104.5 6.28 2.93 

Fraction n(a) 111.3 15.6 93.9 5-71 2.69 

Fraction E 13.5 16.6 11.3 0.69 0.32 

Fraction F 21.2 10.4 18.9 1.09 0.51 

Fraction G 30.2 18.8 24.5 1.55 0.73 

Total recovery 1914 1747 98.3 46.2 

Water-extracted 
bark 1949 4. 72 1857 47.1 

(a) Final composite fractions described lat er. 

errors and difficulty in handling the large quantities involv­

ed in the extractions made a quantitative recovery unlikely. 

The largest source of error probably resulted from the loss 

of bark particles during the many filtrations and other 

operations that were carried out in the course of the extract-

ions. For this reason, the amount of material extracted, 

14.9% of the original bark, was based on the recovered extract 

rather than on the weight loss of the bark. 

The ash content of each of the sub-fractions was deter-
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mined, and the sugars produced on hydrolysis were identified 

by paper partition chromatography. The ash contents of all 

the a and b sub-fractions ranged from 17 to 19%, while all 

those of . the Q and sorne of the d sub-fractions fell between 

12 and 15%. In Fractions Q and d, glucose and xylose were 

the sugars yielding the strongest spots, but galactose and 

arabinose were also present, and a streak near the starting 

line indicated the presence of uronic acid. The principal 

sugar present in Fractions ~ and b apparently was glucose, 

but traces of galactose, arabinose, and xylose were also 

noted in sorne of the extracts; a considerable amount of uron-

ic acid appeared to be present. These fractions gave less 

satisfactory chromatograms than Fractions Q and d owing to 

a tendency to streak, especially around the starting line, 

probably because Fractions ~ and b contained more salts and 

other non-carbohydrate constituents. All the sub-fractions 

of ~ and b were combined to give one large fraction, here­

after called Fraction A. The analyses also indicated that 

the sub-fractions of Q and d were quite similar in constit­

ution. However, Fractions d-1, ~-5, d-6 and d-7 were much 

darker in colour than the others, and the last three had 

higher ash contents. Until the source of these differences 

could be determined, the above-mentioned Q sub-fractions 

were combined and called Fraction D, while all of Fraction 

Q and the remaining d sub-fractions were united as Fraction 

C. The weights of the composite fractions A, C and D and 
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their relationship to the original and the water-extracted 

bark can be found in Table VI. 

The existence of two apparently different water-soluble 

portions of the extract appears · to be caused by incomplete 

separation of the water-insoluble fraction. It can be seen 

from Table IV that, in the cases where a dark-coloured sub­

fraction d resulted, a greater weight of this portion was 

obtained relative to the corresponding sub-fraction b. It 

seemed likely that part of the material normally precipitated 

on concentration of the extract remained in a colloidal dis­

persion in these cases; this explanation would be especially 

plausible for the last three washings of the second extract­

ion, where, owing to the modified procedure, the water wash­

ings were not directly preceded by an alkaline extraction, 

and the resultant low concentration of sodium acetate would 

produce a medium more favourable to colloidal solutions. In 

this regard, it should be noted that the terms "water-insol­

uble11 and 11water-soluble" have been applied in an arbitrary 

sense in the foregoing paragraphs. The colloidal properties, 

which were apparently dominant in this separation, were more 

drastically affected by the conditions in the surrounding 

medium than true solution properties would have been. This 

behaviour explained the fact that even the ratios of ·corres­

ponding ~ and~ sub-fractions varied somewhat in amount, 

probably because of variations in the amount of water evapor­

ated from the neutralized extract. Qualitative experirnents 
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showed that the water-insoluble Fraction A was partially 

dispersed if shaken with distilled water, and this dispersed 

material was not separated even after prolonged centrifugation 

at 3500 r.p.m. On the other hand, only an insignificant 

amount of material becarne dispersed if this fraction was 

shaken with 5% sodium acetate. 

Exarnination of Fraction A 

Fraction A was a fluffy, dark brmm, amorphous solid, 

insoluble in alcohol, ether, benzene and petroleum ether. 

It was partially dispersed by shaking vnth water, and, if 

wet with water or alcohol, was dispersed by acetone and diox­

ane. This fraction was soluble in dilute sodium hydroxide, 

giving black, viscous solutions. 

The ash content, 18.0%, was sornewhat higher t han expect­

ed, but the methoxyl content, 1.56%, agreed well with the 

value of 1.45% obtained by Gleason (43) for an alkaline 

extract of the same bark prior to the liquid ammonia extract­

ion and was characteristic of the values found by other 

't'rorkers. Fraction A also contained 25.9% of uronic anhydride, 

and yielded 6.62% of furfural when heated under reflux with 

hydrochloric acid. However, Norris and Resch (104) showed 

that pectic acid yielded about 21.5% of furfural by weight 

under these conditions; based on this factor, the yield for 

furfural from the uronic anhydride \'J'Ould be 5. 57% leaving 

1.05% formed by the pentosans present. This result confirmed 
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that of the chromatographie analysis of this extract, which 

showed only trace amounts of xylose and arabinose. Thus, 

the only carbohydrates present in this extract appeared to be 

based on glucose and uronic acid residues. These analyses 

are listed in Table VII. 

The presence of carbohydrate material in this alkaline 

extract appears to have been overlooked by the earlier workers, 

who apparently regarded the extract as bark "lignin" without 

attempting to remove other possible constituents. Lehmann 

and Wilke (39) found that their alkaline extracts of pine 

bark showed an increase in carbon content after treatment 

with hydrochloric-sulphuric acid; this increase may be explain­

ed by hydrolysis and dissolution of carbohydrates, which have 

a relatively lo\'T carbon content ( 44 to 45%), leaving a residue 

containing more carbon. Lewis and his associates (9) and 

Kiefer and Kurth (42) have shown that the material isolated 

from redwood and Douglas fir bark, respectively, by alkaline 

extraction, contained a large amount of carboxylic hydroxyl 

groups. These workers did not eliminate the possibility that 

the acidic groups were present as uronic acid, and in con­

sequence, there was no justification for assuming carboxyl 

groups as a part of the bark "lignin" molecule. Since the 

carbohydrate constituents in this fraction had been given so 

little attention in the past, the present investigation ~ras 

directed primarily towards elucidating their nature. 

The possi bi lity of reducin~ the ash cont ent of the fract-
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ion was first investigated. After washing a sample of one 

of the ~ sub-fractions for a few minutes with cold, dilute 

hydrochloric acid, 65.5% of the sample weight was recovered 

as insoluble precipitate with its ash content reduced from 

15.0% to 1.8~, while a further 16.1% was recovered by adding 

alcohol to the acid washings; however, the latter precipitate 

had a higher ash content (22.6%} than the original. Since 

the recovery of extract low in ash was not very satisfactory 

by this procedure, and since subsequent steps would conceiv­

ably involve re-solution in alkali, no attempt was made to 

de-ash Fraction A on a larger scale. Another experiment 

showed that no ash was removed by dialysis against running 

water. 

The fractional precipitation of this fraction from sol­

ution in alkali was now investigated. The extract was stirred 

with aqueous sodium hydroxide as described for the large-

scale extraction, although the ratio of liquor to extract was 

much less. It was found that 16.5% of the original extract 

did not dissolve in the alkaline solution, and the signifie­

ance of this observation became apparent in the later work. 

Neutralization and concentration of the alkaline solution 

precipitated only a part of the dissolved material, but the 

remainder separated on the addition of ethanol. Both the 

alkali-soluble and alkali-insoluble portions produced glucose 

and uronic acid on acid hydrolsis, as shown by their paper 

chromatograms, and little separation of the components appeared 
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to have occurred. An attempt vras '~lade to achieve a fraction-

ation of the alkali-soluble portion of this fraction by 

neutralizing, concentrating, and acidifying with acetic acid. 

A further 37;) of the ~>~reight vvas precipitated; the addition 

of small volumes of ethanol to the mother liquor brought about 

little further precipitation, but 1vhen the ethanol concent­

ration 't'Vas brouB;ht up to 3Y~, a further 26,'0 was collected. 

Increase of the ethanol concentration to 50 and 8~~ yielded 

precipitates of 4 and 3~ respectively, bringing the total 

recovery to 8~~. The alcohol precipitation appeared to be 

occurrins over too small a range in concentration to be of 

any value in fractionation. Again, all the sub-fractions 

contained both glucose and uronic acid residues, and so this 

attempt at fractionation was abandoned. 

As it seemed quite likely that the uronic acid portion 

of the extract '1.-!as pectic in nature, as su.e;g:ested by Sander-

son (54) for his aqueous extract of the bark, Fraction A was 

extracted T.'lith amnonium hydroxide and an::10niur:;. oxalate, both 

eood ~ectin s olvents . The former reagont left a residue of 

l n,.,1 
;:)' T J containin~ 5. 52:; of uranie anhydride, \•Ihile the latter 

l oft undissol ved a portion amountinr; to 23. 5:; and havin[I; 

2 .18.-"i of uronic anl·,ydride groups. The extra ct ed naterial , 

after precipitation by ethanol, a:nounted to BL~;.; and Tl':~, 

analyzing for 2S. 8;j and 2/+• J.~ uranie a cid residues, respect­

ively. In bath cases, yields of over 10~~ were obtained, 

pr obab l y because t he extracts took up ammonia durin[~ the 
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reaction; since ammonium salts escaped determination in the 

ash, the correction for ash was probably too small. Both 

these extracts were quite dark in colour and, after acid 

hydrolysis, both yielded strong spots of glucose. Thus, 

although these pectic reagents extracted almost all of the 

uronic acid portion from Fraction A, the other constituents 

were dissolved simultaneously, and this method was ruled out 

as a means of separation. In fact, little difference was 

observed between the extractions with ammonium hydroxide and 

arrunonium oxalate, and the earlier one with sodium hydroxide. 

Since Fraction A was known to contain a large amount of 

phenolic material, and since glucose was produced on acid 

hydrolysis, the possibility of the presence of phenolic 

glucosides was considered. The naturally-occurring glucos­

ides have almost exclusively the beta configuration for the 

glucosidic carbon atom (105), and can be readily hydrolyzed 

by the enzyme emulsin. After dissolution in sodium hydro­

xide, 78% of Fraction A remained dissolved when t he solution 

was neutralized to pH 5, if very dilute solutions were used. 

Treatment of this solution with emulsin produced no detectable 

increase in the copper reducing power of the solution after 16 

hours. Since the G-glucoside salicin produced 69% of the 

theoretical increase in reduction within 6 hours when it 

dissolved in this solution, the activity of the emulsin was 

not being destroyed by the medium. Hence, the absence of 

beta glucosi des was es t ablished, and it s eemed that the glucose 
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residues existed as a polysaccharide. 

The acetylation of Fraction A was investigated, using 

the rnethod of Carson and rllaclay (106,107), since this extract 

was swollen in formamide, but not in pyridine. A fraction 

amounting to 32% of the starting material and containing 23.0% 

of acetyl groups proved to be insoluble in the reaction mix­

ture, while a further 1~~ containing 27.6% of acetyl was iso­

lated after pouring the remaining solution onto ice water. 

The remaining material appeared to be dispersed in the aqueous 

solution, and was precipitated neither by the addition of 

ethanol nor by acidification. The two fractions isolated 

were not soluble in chloroforrn or acetone, and wereeven darker 

in colour than the original extract. This observation, 

coupled with the low recovery in the acetylation, indicated 

little separation would be accomplished by the fractionation 

of the acetates. 

The attempts to resolve Fraction A thus far had involved 

methods in which all of the constituents of the original 

mixture would be isolated with little or no change in their 

chemical structure, but all had failed even to separate the 

phenolic from the carbohydrate constituents, despite the vast 

differences in their chemical structures. The destruction of 

the phenolic portion of the bark while leaving the polysacc­

harides intact was now investigated. This abject was most 

readily accomplished for woods by bleaching agents, such as 

chlorine or sodium chlorite . vfuile the application of these 
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methods to bark has not been investigated in detail, Kiefer 

and Kurth (42) preferred the sodium chlorite treatment for 

the fibre fraction of Douglas fir bark, while Jablonski (35) 

and Sanderson (54) used this reagent in their study of the 

liquid ammonia and subsequent aqueous extracts of white 

spruce bark. Sodium chlorite, buffered in acetic acid, was 

first used by Jayme (108) for the preparation of holocellul­

ose, and the procedure was later modified by Wise (50). 

Timell and Jahn ( 109) suggested that Wise' s proc.edure resulted 

in degradation of holocellulose, while Harwood (llO) claimed 

that severe degradation of the pentosans occurred during the 

preparation of holocellulose from wheat straw at 75°. On 

the ether hand, Campbell and McDonald (111) showed that little 

loss of pentosan took place during the chlorite treatment of 

beech and spruce woods at 500 in a buffer at pH 6.3. These 

workers did find, however, that sodium chlorite produced an 

acid-soluble oxidation product of lignin which remained in 

the holocellulose. A systematic study of the action of sodium 

chlorite on sugars was carried out by Jeanes and Isbell (112) 

who found that both t he alcoholic hydroxyl groups and glycos­

idic linkages were inert to attack, but that the reducing 

group was oxidized, especially in acidic solution. No detailed 

study of the e ffect of chlorites on pect i ns ha s been reported , 

although Pallmann and Deuel (113) f ound that these substances 

were not degraded by chlorine dioxide. 

The bl eaching of Fraction A was first carried out on a 
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small scale at room temperature with the pH maintained at 

4.8. The insoluble product, constituting 40% of the original 

material, was a light cream powder containing 44.Q% of uronic 

anhydride, and the acid hydrolysate revealed that both the 

glucose and uronic acid had survived the bleaching. The occ­

urrence of glucose residue in the water-insoluble, bleached 

product confirmed the earlier conclusion that this sugar 

existed as a polysaccharide structure rather than as a phen­

olic glucoside. A second fraction of 12% was precipitated 

by alcohol from the mother liquors; this rnaterial was a 

light brovm pov1der, and its hydrolysate, besides giving the 

strong spots for glucose and uronic acid, gave a weak indic­

ation that xylose was also present. The efficiency of the 

bleaching treatment was tested by treating a sample of the 

water-insoluble residue with a second portion of sodium chlor­

ite under the same conditions, and a yield of 83% of water­

insoluble and 7% of water-soluble product was obtained; since 

the ash content was decreased from 22.6% to 16.$% in the 

reaction, the yield was almost quantitative, and the second 

treatment was unnecessary. The twice-bleached product cont­

ained 42.1% of uronic anhydride. 

As the success of these exploratory experiments warranted 

chlorite bleaching of the bark on a larger scale, 120 gm. of 

Fraction A was treated in three operations. Instead of sus­

pending the dry extract directly in water, it was first diss­

olved in sodium hydroxide and then the pH was adjusted with 
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acetic acid, so that the mat~rial v-ras probably in a finer, 

more reactive condition. Also, better control was kept of 

the reaction teiperature since in the small-scale experiment, 

after an induction period of several hours, a rapid reaction 

took: place, in vrhich the temperature rose significantly. The 

yields in this experiment v.rere 46.3:"; of the water-insoluble 

material, Fraction A-1, and 10.~ of the 1'Jater-soluble 

portion, Fraction A-2; the total bein8 about 5;j greater than 

that obtained from the small-scale experiment. 

Almost 50;~ of the ash-free weight of Fraction A-l was 

uronic anhydride (Table VII) and the amount of pectin '"'as 

presumably large. Kilks (114), however, found that the port­

ion of spruce 1:100d periodate lignin remaining water-insoluble 

after treatrnent with chlorine dioxide yielded carbon dioxide 

equivalent to 21.3;'~ of uronic anhydride v.rhen heated under 

reflux vrith 12;i hydrochloric acid, and thus any lignin 

which remained in the holocellulose would produce high 

results in the uronic acid determination. lïlks found an 

excess of 10;~ uranie anhydride in his holocellulose. In 

the bleachin~ of Fraction A, the total V'Jeight of uronic 

anhydride in the products v·ras only 2% greater than the weight 

in the starting material, and it therefore appeared that 

nearly all the carbon dioxide was yielded by uronic acid 

residues. The yield of furfural from Fractions A, A-l and 

A-2 i\"as almost completely accounted for by that vmich could be 

formed from the uronic anhydride groups, and the small differ­

ences remaining fell 'lr:ell vdthin the ranf;e of variation of the 
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TABLE VII 

Comparison of Bleached and Unbleached Fraction A(a) 

Fraction 

Yield (%) 

Ash {%) 

Klason "lignin" {%) 

Degree of hydrolysis(b){%) 

Uronic anhydride (%) 

Furfural { c) (%) 

Furfural (calculated from 
uronic anhydride) (%) 

Methoxyl (%) 

Sugars on hydrolysis 

Glucose 
Galactose 
Arabi no se 
Xylose 
Uronic acid 

Original 

A 

18.0 

42.7 

30.3 

25.9 

6.62 

5-57 

1.90 

strong 
trace 
trace 
trace 
strong 

Water­
insoluble 

A-1 

46.8 

21.8 

4.76 

46.5 

48.6 

11.2 

10.4 

0.49 

strong 
trace 
trace 
weak 
strong 

Water­
soluble 

A-2 

10.8 

19.9 

9.05 

50.4 

35.4 

7.47 

7.61 

1.66 

strong 
weak 
trace 
weak 
strong 

(a) All analyses corrected for ash 
(b) Expressed as per cent of glucose 
(c) Uncorrected for the furfural produced by the uronic 

anhydride. 

correction factor used. Since a very weak spot for xylose on 

the paper chrornatograms of the hydrolysates was the only 

other indi cation of pentosan in these fractions, pentosan 



'\'laS only a very minor constituent and uas not considered 

further. 

The combined yield of Fractions A-l and A-2, 57.6%, 

56. 

indi cated that 42 .lj-.:~ of Frac ti on A vras destroyed during the 

chlorite treatment. This result agreed very \'rell "t•Tith t he 

Klason "lignin" content of Fraction A, 42.7%, although this 

agreement was to sorne extent fortuitous, since there was 

still 4.7&:; of Klason 11lignin" in Fraction A-1. A study Has 

made of the acid hydrolysis of Fractions A, A-l and A-2 by 

detennining the increase in copper reducing power. Since 

the mild conditions used, N sulphuric acid at 95° for 6 

hours, v1ould have had little affect on pecti c materials , it 

V'>as assumed that all the increase i n copper reducing power 

resulted from hydrolysis of polysaccharides not based on 

uronic a cid units. The total polysaccharide conte~t was 

therefore calculated as the sum of the reducing sugars 

produced on hydrolysis and the uronic anhydride. Thus, 

Fraction A contained 56.2% of carbohydrate material, in 

go od agreement wi th t he yield of 57 . 6;~ obtained after the 

chlorite treatment. For Fraction A-1, the polysaccharide 

content was 95 .1<; , \·!hile the Klas on lignin content vms 4 . 7&% , 

which again indicated that these t \'-10 constituents accounted 

for all of the material. For Fraction A-2, the polysaccharides 

tot alled 85.~ of the extract but only 9 .05;0 of Klason lignin 

vvas det ected, totalling 94. 8;~ . Hm•rever, in this fraction, 

V>rhich \'las \!'.rat er-so luble , a cid - soluble "liz,nin" \l'Jas a strong 
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possibility since the filtrate from the "lignin" determination 

was very dark in colour. It should be pointed out that two 

assumptions were involved in these calculations; that no acid­

soluble "lignin" was present in the bleached products, and 

that the uronic anhydride made no contribution to the copper 

reducing pm"ler of the acid hydrolysate. Since these factors 

act in opposite directions, the possibility of compensation 

of errors arose, but it seemed unlikely that good correlat­

ions would have been observed if these compensations had been 

large. In this manner, it was shown that sodium chlorite 

bleaching was a good method of isolating the polysaccharide 

constituents of the bark extracts. 

Evidence that the pectin was hydrolyzed only very slowly 

under the conditions used was strengthened by the observation 

that a rapid hydrolysis of Fraction A occurred during the 

first four hours, but was followed by a very slow further 

hydrolysis whose rate sho'!t.red no sign of decreasing after 

twelve hours. The first rate, which corresponded approx­

imately to the 30,i of reducing sugars obtained from this 

fraction, probably represented the hydrolysis to the sugars, 

while the slower rate represented the hydrolysis to uronic 

acids. The uronic acid constituent in Fraction A-l was 

identified as galacturonic acid by simultaneous oxidation 

and hydrolysis to mucic acid, using the method of Heidelberger 

and Goebel (115). This method employed a mixture of bromine 

and hydrobromic acid, and had the advantage t hat neither 
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glucose nor galactose 111ere oxidi zed to the corresponding 

dicarboxylic acids. The rnucic acid, after recrystallization 

from large volumes of hot water, \"Tas identified by mixed 

melting point. The absence of glucuronic acid was indicated 

when no potassium acid saccharate was precipitated from the 

mother liquor by follovring the procedure of V"lolfram and Rice 

{116). This identification of mucic acid confirmed the 

earlier hypothesis that the uronic acid was present in this 

fraction in the form of a polygalacturonic (pectic) acid. 

The acetylation of Fraction A-l was studied, first by 

the method of Hudson and Johnson (117), using fused sodium 

acetate and acetic anhydride, and then by the method of 

Carson and Haclay (106,107), using formamide, pyridine and 

acetic anhydride. The first method recovered only 46% of 

the starting material as a product which had become consid­

erably darkened, and had only 28.2% of acetyl groups. \Vhen 

the forrnamide method was applied, the product was recovered 

in four fractions, as shown in Figure VI. Two of these 

were precipitated when the reaction mixture was poured into 

ice, Acetate I being benzene-insoluble, and Acetate II 

benzene-soluble. Acetate III was recovered by concentrating 

the aqueous liquor and adding two volumes of ethanol, vrhile 

Acetate IV was precipitated after the mother liquor had been 

concentrated until only the formamide remained as solvent. 

The yields and acetyl contents of these fractions are shown 

in Table VIII, the tota l recovery being 60}b. A sampl e of 
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TABLE VIII 

Yields and Acetyl Contents of Sub-fractions obtained 
from the Acetylation of Fraction A-l 

Sub-fraction d'_ 
,:1 Acetyl 

,., 
·,a Yield(a) 

Acetate I 25.5 13.7 

Acetate II 40.7 10.7 

Acetate III 23.2 26.0 

Acetate IV 28 .6 9.3 

Total 59.7 

(a) On an acetyl-free basis; uncorrected 
for ash. 

Acetate III, when reacetylated by the same method, yielded 
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no precipitate when the reaction mixture was poured onto ice 

water, but 76;1o of a product containing 3 2.3% of acetyl groups 

was precipitated by ethanol from the concentrated mother 

liquors. The theoretical acetyl content of a pectin diacet­

ate is 32.3%. This reacetylated fraction contained 54. 7% of 

uronic anhydride, equivalent to 80. 8% of uronic anhydride 

diacetate. Thus, the material dispersed in the water appeared 

to be largely the acetylated pectic acid. Samples of Acetates 

I, II and I II \vere deac etylated, hydrolyzed and their const­

ituent sugars identified by paper partition chromatography. 

Acetate I yielded predominantly glucose , but also much smaller 

quantities of xylose, arabinose and uronic acid , while Ac et -
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ate II shov:ed only glucose and Acetate III only uronic acid. 

Thus, it appeared that a partial separation of the pectin and 

the glucosan was possible by acetylation, but the total recov­

ery was not satisfactory. 

The separation of a pectin from other polysaccharides by 

the dispersion of its acetate in 1--rater \'las first employed by 

Neubauer (llS), and the observation has been confirmed by 

rdlford ( 119) and I'-îilks ( 114) • 'I'hese workers used this 

property as a method for removing pectin as an impurity, but 

it also appeared suitable for the isolation of the pure pectin 

as vrell. The opacity of the liquor indicated that the pectin 

acetate formed a stable colloidal dispersion rather than a 

true solution. Carson and I~aclay ( 107} shm...,ed that if the 

acetylated mixture 1r;as poured onto ice only partial precipit­

ation of the pectin diacetate occurred, but complete precip­

itation resulted when 3% hydrochloric acid was substituted 

for the ice. 

I'he extraction of Fraction A-l with alkali and reprecip­

itation from t he extract ,.,rere a lso invest i gated. 'l'he fact 

that 28.6;; was novr insoluble in 2;j sodium hydroxide indicated 

that only a minor portion at r:ws t of the alkali-insoluble 

portion of Frac tion A had been destroyed by the sodium chlor­

ite bleach. This residue 'l:!as hi.:;h in ash, and the hydrolysate 

contained small quantities of both glucose and uronic acid . 

Tin1en the ash from this fra ct ion was extracted wi th a little 

acetic acid and the solub l e portion 1·1as test ed with amrnonium 



62. 

oxalate solution, calcium oxalate was precipitated and the 

insoluble portion presumably contained calcium pectate. The 

glucose in this portion probably arose from bark cellulose 

which had passed through the filter cloth during the original 

large-scale extraction. Turning to the alkali-soluble portion, 

it was all precipitated by neutralization of the extract with 

acetic acid, followed by the addition of ethanol, yielding 

another 64.4% of material, and making the total recovery of 

Fraction A-l 94.0%. This extract also contained both glucose 

and uronic acid, and, in consequence, the glucose was not only 

derived from bark cellulose, but also from an alkali-soluble 

glucosan. Attempts were made to separate this glucosan from 

the pectic material by fractionation from alkali. vllien the 

solution was acidified to pH 1, a precipitate was formed, 

while two more fractions were precipitated after dialysis 

and addition of alcohol, as outlined in the Experimental 

Section. However, each of these fractions on hydrolysis 

yielded both glucose and uronic acid in about the same relat­

ive proporti ons, and apparently this fractionation did not 

occur on the basis of chemical structure. Since pectic acid 

formed a very insoluble calcium salt, the alkaline solution 

was neutralized to pH 6 with ac et i c acid , and calcium chlor­

ide solution was added, as in the analytical method for the 

determination of pectin (120). Another precipitate was obt­

a ined from the mother liquor aft er dialysis and the addit ion 

of ethanol. Al though the chromatogr ams of the hydr olys ates 
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of these fractions showed that sorne separation had occurred, 

this separation was not as good as that obtained by acetyl­

ation, and while the former method gave a better recovery of 

material, the relative weights of the fractions indicated that 

only low yields of the pure constituents could be achieved if 

this method were used repeatedly. 

The separate acetylation of the alkali-insoluble and 

alkali-soluble portions of Fraction A-l was now carried out. 

The insoluble fraction yielded 55% of water-insoluble mater­

ial, but this product contained only 5.6% of acetyl groups, 

while the fraction isolated from the water amounted to 19% 

and contained only 11.5%; both these fractions contained a 

considerable runount of ash, and hence this alkali-insoluble 

material appeared to be of little interest. On the other 

hand, the alkaline extract yielded only 5% of water-insoluble 

material, but the acetyl content of 40.9%, indicated the 

presence of a hexosan. From the aqueous dispersion, an 

acetate amounting to 48% of the starting material and contain­

ing 26.5% of acetyl groups was recovered. 

On the basis of these acetylations and alkaline extract­

ions, the most promising approach appeared to be extraction of 

the alkali-soluble material followed by its acetylation to 

yield the acetates of the glucosan and the pectic acid. How­

ever, when the alkaline extraction was carried out by a proc­

edure slightly modified from the small-scale method, the 

results differed from those anticipated. Since it was believed 



that a large excess of sodium hydroxide solution had been 

used, the liquor to solid ratio was reduced to one-third for 

the larger extraction. The other modification involved was 

the washing of the precipitates with cold, 1% hydrochloric 

acid in order to reduce the high ash contents. The procedure 

is outlined in Figure VII ~mile the yields and analyses of 

the various fractions are given in Table IX. Under these 

conditions, the alkali-insoluble material, Fraction A-la, was 

much greater (40%) than in the smaller experiment (2$%) and 

contained 38.3% of uronic anhydride. After this material had 

been washed with hydrochloric acid, the aqueous washings were 

diluted with ethanol to precipitate Fraction A-lb. This light 

grey powder, amounting to 10.4% of Fraction A-1, contained 

94.~fo of uronic anhydride after correction for ash, and thus 

was almos~ pure calcium pectate, since the ash gave a positive 

test for calcium. Apparently, the bark yielded not pectic 

acid, but calcium pectate, during the alkaline extraction, and 

this substance was removed, not by s olution in the alkali, 

but by the formation of a colloidal dispersion. In conseq­

uence, the amount extracted depended on the volume of t he 

solution rather than on the concentration of the alkali. When 

the extract was washed \ûth acid, sorne of the calcium was 

removed, and the pecti n was much more so l uble in t he subseq­

uent washing with water. To remove the residual pectin from 

Fraction A-la, the acid-washed material was extracted three 

times with water, l eaving a res i due, Fraction A-le, of 21.5% 
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Fractionation of Fraction A-l by Alkaline Extraction 
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TABLE IX 

Yields and Analysis of the Precipitates obtained from 
the Alkaline Extraction of Fraction A-l 

66. 

Fraction Ash 
ID 

Yield(a) 
( gm.) 

Yield(b) 
(%) 

Uronic anhydride(b) 
(%) 

A-la 

A-lb 

A-le 

A-ld 

A-le 

A-lf 

23.8 

16.0 

33.1 

6.55 

2.14 

18.9 

Total recovery 

18.8 

4.9 

15.7 

8.6 

12.2 

3.0 

40.0 

10.4 

21.5 

18.3 

25.9 

6.4 

38.3 

94.0 

5.28 

93.8 

29.7 

55.5 

(a) Extracted from 60.0 gm. of Fraction A-1, or 47.0 gm. 
on an ash-free basis; weights are given on an ash­
free basis. 

(b) Corrected for ash. 

of the original Fraction A-1, containing only 5.2à% of uronic 

anhydride. The aqueous extracts yielded Fraction A-ld which 

arnounted to là.~ of Fraction A-1, had 93.$% of uronic anhyd-

ride, and containing ca lcium. These two ca lcium pectate 

fractions, A-lb and A-ld, appeared to differ only in their 

ash contents and were combined. Hydrolysis and paper part­

ition chrornatography of thi s combined fraction gave no 

indication whatsoever of the presence of glucose. 
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Qualitative tests for calcium were carried out on the 

ash from the water-extracted bark left by Sanderson, the 

residual bark from the alkaline extraction, and a bark sample 

which had been exhaustively extracted with alkali. A strongly 

positive result was obtained in each case. Similar tests 

on Fractions A, A-l and A-lb indicated that these also cont­

ained calcium. Gleason (43) had earlier identified calcium 

oxalate as present to the extent of 8.5% in an alkali extract 

of the white spruce bark prior to the liquid ammonia extract­

ion. It was possible that the alkali-insoluble Fraction 

A-lb consisted largely of calcium oxalate although this 

possibility was not investigated. In any event, the isol­

ation of the calcium pectate from the bark indicated that 

the insolubility of the "protopectin" resulted from its 

presence as a calcium salt rather than from chemical bonding 

to other bark constituents. 

The alkaline extra ct (Figure VII) 1.vas obtained in two 

fractions - Fraction A-le as the residue and Fraction A-lf 

from the mother liquor. Fraction A-le showed only glucose 

and uronic acid on hydrolysis and thus contained the bulk 

of the glucosan components of Fraction A-1, together with 

about 3Œ.~ of pectin (Table IX). Fraction A-lf, which was 

only 6.4% of Fraction A-1, was apparently mainly pectic, 

since it contained 55.5% of uranie anhydride, and gave only 

very weak spots of glucose after hydrolysis and chromato­

graphy. Later, an acetylation of this material indicated 
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that insufficient glucosan was present to warrant its recov­

ery, since only 13% of the original was precipitated when 

the reaction mixture was poured onto ice, while a further 

43.?/a was recovered from the aqueous washings. The acetyl 

values of these two fractions, 32.2% and 19.5% respectively 

were somewhat lower than those usually obtained by this 

method, possibly owing to the presence of non-carbohydrate 

material. 

In the earlier oxidation-hydrolysis of Fraction A-1, 

the mucic acid recovered accounted for only 20% of the total 

uronic acid present, and this experiment was therefore rep­

eated on the isolated calcium pectate. In this case, a 

yield of 65% of the theoretical was obtained, which was 

more satisfactory, since Vlise and Pet er son ( 121) obtained 

only 75% of mucic acid by the nitric acid oxidation of 

galactose. Pectic acid was prepared from the calcium pect­

ate by extraction with ammonium oxalate solution, separation 

of the precipitated calcium oxalate, and reprecipitation of 

the pectic acid with acidified ethanol. Further reprecipit­

ations, first of the calcium and then of the ammonium salt 

with ethanolic hydrochloric acid, as suggested by Anderson 

(84) eventually yielded a white powder, containing 94.7% of 

uronic anhydride, only 0.52% of ash, and giving solutions 

in ammonium hydroxide which were clear enough to be observed 

on the polarimeter. The observed specifie rotation of +265° 

compared favourably with the value of +264° obtained by O'Dwyer 



(81) for a pectic acid isolated from beechwood, although it 

was a little higher than others obtained by Anderson and his 

co-workers (83,84,86,87) from other woods. 

These pectins, together with those isolated later from 

the acetates of Fractions A-le and A-lf accounted for 42.$% 

of Fraction A-1, neatly checked the uronic acid content of 

48.6%, and corresponded to 1.56% of the original bark. Since 

no other constituent containing uronic anhydride groups was 

revealed during the investigation of Fraction A, it was quite 

likely that all of this group was present in the form of 

pectin, which would then amount to 2.02% of the bark. Other 

sources of pectin in the bark included that present in 

Fractions C and D, the 1.9% found by Sanderson in his Fract­

ion A, together with that in his water-soluble acetates from 

his fractions Band C, and probably part of the 3.16% of 

uronic anhydride remaining in the alkali-extracted bark. It 

can be seen that if the pectin from all these sources were 

positively identified, pectin would likely be recognized as 

a major constituent of white spruce bark. Even the amount 

already isolated, is enough to show that this material 

occurs to a much greater extent in bark than in wood. 

The glucosan portion of the extract was obtained in a 

fairly pure condition as its acetate from the acetylation 

of Fraction A-le, using formamide as a swelling agent and 

pyridine as catalyst. Four fractions were obtained as shown 

in Figure VI, and these were assigned the corresponding numbers 
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Ie-IVe, their yields and acetyl contents being listed in 

Table X. Both the benzene-insoluble Acetate Ie and the ben­

zene-soluble Acetate IIe showed strong spots of glucose after 

saponification, hydrolysis and paper partition chromatography, 

but Acetate Ie also showed the presence of some uronic acid, 

which did not appear in Acetate IIe. 

TABLE X 

Data on the Acetylation of Fraction A-le 

Fraction Yield (~m.) (a) Yield (%)(b) Acetrl (~) 

Acetate Ie 5.0 27.0 40.6 

Acetate IIe 6.17 31.4 43.9 

Acetate IIIe 2.63 18.4 23.1 

Acetate IVe 1.87 13.6 19.8 

Total yield 15.67 90.4 

(a) From 11.0 gm. of Fraction A-le; un correct ed for ash 

( b) Calculated on an acetyl-free basis. 

The latter fraction contained only 2.75% of uronic anhydride 

groups, and although its chloroform solution was somewhat 

coloured, a specifie rotation of +178° was observed. Accord­

ing to the table given by Degering (122), the speci fie rotat­

ions of starch acetates ranged from +1550 to +190o, since the 

source of the starch, its degree of acetylation, and the 

condit i ons f or measur ement of the rotati ons varied considerably. 
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The above value for the bark glucosan fell within this range, 

and suggested that this polysaccharide had the alpha config­

uration and belonged to the starch group. 

In order to iso1ate more of this starch acetate, Acetate 

Ie was reacety1ated by the same procedure and a portion of 

the water-precipitated product amounting to 11.5% of Fraction 

A-le became soluble in benzene, whi1e 12.5% sti11 remained 

benzene-insoluble. These sub-fractions had acetyl contents 

of 42.7% and 39.8% respectively. Sorne further material 

remained dispersed in the water, but was not recovered. The 

two benzene-soluble acetates were combined, and, as their 

acetyl content was slightly below the theoretical value of 

44.$% for starch triacetate, a reacetylation was carried out. 

The product still contained only 43.4% of acetyl groups; this 

low acetyl value was later explained, however, when an acid 

hydrolysis of the deacetylated starch showed it to contain 

7.9% of unhydrolysable material. 

The reason for the existence of these two starch acetate 

fractions, dif fering in their solubilities in benzene, is not 

yet clear, and such partial solubility has apparently not 

been reported before. The solutions were possibly colloidal 

in nature, s ince the dry acetates diss olved much less readily. 

Bath the soluble and insoluble a cetates, on deacetylation, 

gave the characteristic blue colouration of starch with iodine, 

whereas Fraction A-le , still containing a considerable amount 

of pectin gave a red-purple colour. Bath gave glucose as the 
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only constituent sugar on hydrolysis and chromatography. 

Possibly the difference arose from the slightly lower acetyl 

content of the insoluble material, or from structural differ­

ences such as degree of branching or of polymerization. How­

ever, both fractions were well characterized as starch acet­

ates. 

This isolated starch acetate constituted 15.1% of Fraction 

A-1, or 0.55% of the original bark, although in this case 

also, the isolation procedures were not quantitative. Unfor­

tunately, there is no starch analysis, equivalent to the 

uronic anhydride determination in the pectin field, which 

could be used to establish the maximum quantity present. It 

appears that starch was present to about the same extent in 

this bark as was found by Campbell and his co-workers (94, 

98) for certain woods. No previous isolation of starch from 

bark v-ms revealed in a search of the literature. 

The isolated starch and pectin fractions accounted for 

57% of Fraction A-1, while a further 21% was left as the alk­

ali-insoluble residue, Fraction A-le. The remaining 22% was 

presumably also made up of these two polysaccharides, together 

\-vith the residual "lignin11 and other minor constituents. The 

maximum value for the starch content of this fraction could 

be estimated by assuming it to be made up of the four isolated 

constituents - the alkali-insoluble Fraction A-le, Klason 

lignin, pectin, and starch. Since the first three totalled 

73.7%, by difference, the starch made up 26.3)~ so that at 



least 60% of the total was recovered by the separations 

described. 
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Samples of the pectin and starch acetates were deacetyl­

ated to permit of their further characterization. The pectin 

acetate, partially dissolved in acetone, was treated wi th 

aqueous sodium hydroxide for 12 hours. A purified pectic 

acid was isolated in 78% yield from the product by three 

reprecipitations as its calcium salt followed by two reprecip­

itations from armnonium hydroxide vlith acidified ethanol. The 

product, slightly less pure than the one isolated previously, 

contained 84.8% of uronic anhydride and had a specifie rotat­

ion of +226° in 1% ammonium hydroxide solution. This result 

confirmed the earlier evidence that the acetate vlhich dispersed 

in water was a pectin acetate, and stressed the usefulness of 

this method for the isolation of pectins. Starch and pectin 

have been considered difficult to separate from each ether, 

but the acetylation procedure used on Fraction A-le resulted 

in theisolation of pure samples of both in good yield. 

The deac etylation of the sta rch tria c et ate proved surp­

risingly difficult. The first treat ment, following the method 

of \1ise et al ( 123) , involved the use of dioxane solution of 

the acetate and a lcoholic potassi um hydroxide. Even after a 

subsequent treatment with aqueous sodium hydroxide, 3% of 

acetyl groups remained in the product, and another saponific­

ation with aqueous alkal i was required to complete the deacet­

ylat ion. The product, obtained in 94% yield, contained only 
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2.90% of uronic anhydride and 1.10% of ash, and its specifie 

rotation was +1380 in 1% sodium hydroxide solution, comparing 

well with the value obtained for starch isolated from oak 

sap\lrood by Camp bell ( 9 4) • 

The hydrolysis of this starch by acid and by enzyme was 

studied. On acid hydrolysis, S% of the starting material did 

not dissolve, and glucose \vas the only constituent sugar in 

the solution. The identity of this glucose was confirmed by 

conversion, first to the phenylosazone (124) and t hen to 

glucose phenylosotriazole, as suggested by Hann and Hudson 

(125). This crystalline product did not depress the melting 

point of an authentic sample. The enzymatic hydrolysis was 

carried out using an alpha amylase enzyme, buffered at pH 5.2, 

and following a modification of the method of Pigman (126). 

After this treatment, the s olution no longer coloured iodine . 

The portion of the product soluble in 7~~ ethanol was studied 

by paper chromatography, and a weak spot of glucose and a 

s trong one of maltose were identified. Another strong spot, 

having half the mobility characteristic of maltose, and 

probably indicatins maltotriose was also observed. The app­

earance of glucose in this hydrolysate indica ted the pres­

ence of maltase as an impurity in the amylase sample used, 

since a pure crystalline alpha amylase isolated by Ivleyer and 

his associates (127) did not hydrolyse terminal glucose units, 

and left maltose and maltotriose unaffected. 
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Investigation of Fractions C to G 

A small portion of Fraction C (Figure IV), when bleached 

with sodium chlorite as described for the bleaching of Fract­

ion A, produced a water-insoluble Fraction C-l in 8% yield, 

and a water-soluble Fraction C-2 in 68% yield. As 7~0 of 

Fraction C was not destroyed by sodium chlorite, it appeared 

that this portion was polysaccharide in nature. A series 

of analyses conducted on Fractions C, C-l and C-2 are listed 

in Table XI. The high ash content and the chromatographie 

analysis of Fraction C-1 indicated that it was quite similar 

to the insoluble material for;ned on bleaching Fraction A, 

although an insufficient amount was obtained in this exper­

iment to permit of a detailed examination. Fraction C-2, 

on the other hand, was similar to the water-soluble bleached 

material studied by Sanderson (54). The furfural reported 

for Fraction C-2 was equivalent to 35% of pentosan if the 

conversion factor for mixtures of xylose and arabinose was 

applied. It was also interesting to note that the methoxyl 

content increased sl i ghtly during the bleaching, indicating 

that this group was bound in residues stable to the treatment, 

possibly the 4-methoxyglucuronic acid structure found in wood 

hemicelluloses. 

The large number of glucose residues in Fraction C-2 

rnight be present as starch, as was the case in Fraction A, in 

which the starch was only partially precipitated after the 

neutralization and concentration of the alkaline extract. To 
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TABLE XI 

b 1 h d F . c{a) Yields and Analyses of Un leached and B eac e ractlon 

Fraction 

Yield {%) 

Ash {~) 

Methoxyl {%) 

Uronic anhydride (%) 

Furfural ( b) (%) 

Sugars on hydrolysis: 

Glucose 

Galactose 

Arabinose 

Xylose 

Uronic acid 

c 

14.0 

1.73 

15.6 

14.8 

strong 

weak 

moderate 

strong 

weak 

(a) All analyses corrected for ash. 

C-l 

7.7 

24.5 

strong 

absent 

trace 

weak 

strong 

C-2 

66 

10.0 

1.85 

20.3 

22.1 

strong 

moderate 

modera te 

strong 

weak 

{b) Corrected for the furfural produced by the uronic acid. 

explore this possibility, a buffered aqueous solution of 

Fraction C-2 was treated with alpha amylase enzyme as prev-

iously described, and the resultant solution imparted no 

colouration to iodine, whereas the original sample produced 

a definite purple colour. The higher molecular weight mat­

erial was precipitated from solution with alcohol, and the 

mother liquor was studied by paper chromatography. The same 

three spots were observed as in the starch hydrolysis from 
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Fraction A, al though not as strong in this case. i:'Jhen the 

material precipitated by alcohol was hydrolysed by acid, the 

glucose spots from the hydrolysates were only slightly weaker 

in relation to the other sugars than in the original material. 

These results indicated that a highly branched starch was 

present. \v.helan and Roberts (128,129) found that when alpha 

amylase acted on a linear starch (amylose), the sole prod­

ucts were maltose and maltotriose, but if a branched starch 

(amylopectin) was used, dextrins of five to eight glucose 

units Nere also present in the hydrolysate. These \'mrkers 

concluded that this enzyme was incapable of cleaving C(-1,6 

linkages and also the ~-1,4 linkages adjacent to an 0(-1,6 

linkage. 

Fraction D l'Jas not investigated, while the only further 

l"lork on Fractions E-G was the analyses listed in Table V. It 

has been postulated that these fractions, not precipitated 

by ethanol, might contain araban, but the lovJ yields of fur­

fural indicated that this possibility was unlikely. An 

attempt to identify any sugars present by the chromatographie 

method failed because the hydrolysates streaked on the paper; 

these fractions apparently did not contain a significant 

amount of carbohydrate material. 

Investigation of the Bark Residue 

As the large-scale extraction did not completely remove 

all the material soluble in alkali, a finely-ground portion 

of the bark residue was exhaustively re-extracted with 10% 
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sodium hydroxide. This operation removed a further 17.0fo 

of the bark, bringing the total extractable material to 50.6% 

of the 1:rater-extracted bark, or 23 .3:'~ of the orir;inal. Al­

though some1,!hat more than was removed by the small-scale 

extractions, the result checked well ~:vith the material isol­

ated from the extracts, 22.1{',. The residue vias then bleached 

'l'lith sodium chlorite at 50°, and 7~.~ of nearly v.Jhite mat­

erial was rccovered. A series of analyses carried out on 

the various bark residues is summarized in Table XII. 

Anderson (S3) reported that part of the pectin was not extr­

acted from various woods by ammonium hydroxide until after 

the vrood v.ras chlorinated, a~d the present bleached bark was 

accordingly extracted '.'lith this reagent. Although the uronic 

acid content of the sarnple was reduced from 3 .16;i to 2.05;; by 

this treatment, the material isolated from the extract did 

not have the properties of pectin vvhich apparently had all 

been removed by the alkaline extractions. The presence of 

elucose as the main sugar in the bleached bark residue was 

shown By acid hydrolysis and conversion to glucosotriazole 

by the method outlined earlier; this derivative was identif­

ied by the mixed melting point method. 

The present research has shmm that a considerable port­

ion of the material extracted from white spruce bark by alk­

ali is polysaccharide in nature, and that these polysaccharides 

can be isolated from the extract by sodium chlorite bleaching. 

The vrater-insoluble portion of these polysaccharides has been 



Yield from water-
extracted bark (%) 

Fraction of original 
bark (%) 

Hoisture (%) 

Ash (%) 

Klas on "lignin" (%) ( b) 

r.:ethoxyl (%) 

Uranie anhydride (%) 

Furfural (%) ( c) 

Sugars on hydrolysis: 

Galactose 
Glucose 
Arabi no se 
Xylose 
Uranie acid 

TABLE XII 

Analyses of the Various Bark Residues(a) 

Water-extracted 
bark 

-

47.1 

12.3 

5.41 

-
2.19 

7.28 

5 .1+5 

weak 
strong 
weak 
weak 
modera te 

Residue from 
large-s cale 
extraction 

66.4 

31.3 

6.58 

5.30 

-
2.44 

3.71 

3.91 

trace 
strong 
trace 
weak 
weak 

Residue from 
exhaustive 

alkaline extraction 

L,.9. 4 

23.2 

4.25 

3.93 

26.7 

2.89 

2.81 

).81 

absent 
strong 
trace 
weak 
v1eak 

Chlorite­
bleached 

ba.rl{ 

39.9 

18.8 

2.20 

1.97 

7.7'6 

1.48 

3.16 

4.46 

absent 
strong 
trace 
modera te 
weak 

(a) All analyses corrected for ash and moisture. (b) Single determinations only. 
(c) Corrected for the furfural produced by the uronic anhydride. 

-.J 
\.() 
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shawn to be predominantly pectin and starch, and pure samples 

of each have been isolated and characterised. A precursory 

examination of the water-soluble material indicated that it 

was a very complex mixture of polysaccharides which would 

require detailed study in arder to isolate pure constituents. 

The bark remaining after the alkaline extraction was found to 

be based chiefly on glucose residues. 



EXPERIT~NTAL RESULTS 

ANALYTICAL HETHODS 

All the determinations were carried out in duplicate, 

unless otherwise stated, and the results reported are the 

average values. 

MOISTURE CONTENT 

81. 

Bark samples of from l to 2 gm. were heated in an oven 

at 105°C. for 16 hours and weighed. The loss in weight was 

taken to be equivalent to the moisture content of the sample. 

The method of Niederl and Niederl (130) was used. 

Samples of 10 to 20 mg. 1rrere weighed into platinum boats 

and ashed at 600 to 700oc. for 30 minutes. For bark and 

larger extracts, however, the sampling error was too great 

to allow the use of these small samples, and the method was 

modified slightly. Srunples of 0.1 to 0.2 gm. were weighed 

into porcelai n crucibles and i gnited in a muffle furna ce at 

650°C. for 12 hours and the cooled crucible reweighed. 

SOLIDS IN SOLUTION 

Aliquot s of 20 ml. of the soluti on were transfer r ed to 

tared weighing bottles and evaporated to a syrup at aooc. 

in an oven. They '\'lere t hen heated in the oven at 105°C. 

overni ght. 



82. 

SEALED TUBE HYDROLYSES AND PAPER PARTITION CHROMATOGRAPHY 

Samples of 25 to JO mg. were placed in glass tubes with 

1 ml. of N sulphuric acid. The tubes were then sealed and 

heated at 95°C. in an oven for 16 hours. The solid material 

remaining undissolved was separated on a centrifuge and the 

mother liquor was neutralized to Congo Red paper with solid 

barium carbonate. This precipitate \•Tas also removed on the 

centrifuge. The solution, after being concentrated to a 

syrup under reduced pressure, was dissolved in 0.1 ml. of 

water, and spots of about 0.01 ml. were applied to the 

starting line of a sheet of Whatman No. 1 filter paper (6" x 

22") using a platinum wire loop. A spot of a solution of 

known sugars was placed adjacent to the spot of the hydro­

lysate, the paper was hung in a Fisher chromatographie tank 

for an hour to equilibrate, and then was developed with a 

solution of ethyl acetate-pyridine-water (5:2:5) (131). 

This development lasted for about 16 hours, and the chromato­

gram was then air dried. The paper was sprayed with either 

aniline phthalate (132) or aniline phosphate (133) dissolved 

in butanol saturated \trith water and was heated to 100°C. for 

a few minutes. Under these conditions, these sprays give 

pink spots with pentoses, and brown spots \ath hexoses. 

FURFURAL 

Samples were distilled with 12% hydrochloric acid at the 

rate of 3 ml. per minute for 100 minutes in the apparatus 

described by Bray (134) as recommended by TAPPI -Standard 



Methods ( 13 5) • 

The furfural in the distillate was determined by t he 

TAPPI modification of the bromide-bromate method. In this 

method, one mole of furfural consumed one mole of bromine. 

Since different factors were applied in the conversions of 

furfural to pentosan for arabinose and xylose, the results 
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were reported as per cent furfural, as the paper chromato­

grams indicated both of these pentose sugars to be present 

in sorne of the fractions. The yield of furfural was calcul­

ated by substitution in the expression 

% furfural - (V2-Vl) x N x 0.048 x lOO 
vi 

= volume of thiosulphate used in the blank 
determination 

= volume of thiosulphate used for the sample 

= normality of the sodium thiosulphate solution 

= weight of sample in grams 

0.048 was a factor representing the weight of furfural 
in grams equivalent to 1 ml. of N sodium thiosulphate 

The values were corrected for the furfural produced by the 

uranie acids present on the basis of a furfural yield of 

21 .5;-S from glucuronic acid as reported by Norris and Resch 

( 104) • 

URONIC ANHYDRIDE 

At first the method of Brm,rning ( 136) was us ed , but this 

method requir ed inconveniently large samples so that the weight 

of carbon dioxide evolved vvas large enough to be wei ghed ace-



urately. A semimicro method, recently published by Johan­

sson, Lindberg and Theander (137), was used in all later 

work. 

In this method, samples estimated to contain 10 to 25 

mg. of uronic anhydride were weighed into the distilling 

flask, and 25 ml. of 10~ hydrochloric acid and a boiling chip 

were added. The apparatus was flushed with a stream of nitro­

geu at room temperature for 20 minutes and at 70 to sooc. for 

10 minutes. Then 25 ml. of an aqueous solution, 0.2N in 

sodium hydroxide and 0.05M in barium chloride, was added to 

the absorption tube, the bath temperature was raised to 140 

to 145°C., and the sample was heated under reflux at this 

temperature for 4 hours, with a constant flow of nitrogen. 

At the end of this period, 10 ml. of 2N ammonium chloride was 

added to the absorption tube. The precipitate was removed 

on a sintered glass funnel and was washed, together with the 

tube, with 50,~ aqueous ethanol. The total precipitate was 

then dissolved in 5 ml. of 0.5N hydrochloric acid, and the 

solution was sucked into a lOO ml. flask and the tube and 

funnel washed with water. Then 10 ml. of ~V6 iodic acid was 

added to the flask. It took several hours for the precipit­

ate of barium iodate to form. The mother liquor was removed 

by immersion filtration and then the precipitate was wa shed 

four times in absolute ethanol, and disintegrated in about 2 

ml. of ethanol. Potassium iodide and hydrochloric acid sol­

utions were added, and the liberated iodine was titrated with 



0.05H sodium thiosulphate using a starch indicator. The 

uronic acid anhydride content was calculated from the 

expression 

~ uronic anhydride = V x N x 19~ x 100 1 

VI x 12 x 1.019 

vJhere v = the volume of sodium thiosulphate 

N = the normality of the sodium thiosulphate 

w = the weight of sample in milligrams 

The factor 1.019 was a correction for the iodic acid remain-

ing adsorbed on the precipitated barium iodate. 

r.:r. Watts was able to recover carbon dioxide quantitat­

ively by this method from sodium carbonate, but a commercial 

sample of galacturonic acid, apparently impure, gave low 

results. After being purified by recrystallization of its 

sodium ca lcium salt, as recommended by Isbell and Frush (138), 

this sample gave a satisfactory yield of carbon dioxide. A 

blank determination on glucose yielded carbon dioxide equi­

valent to 0.98% uronic anhydride. This result compared well 

,,vith th e value of 0. 8$% observed by Whistler, l\lartin and 

Harris (139). Since the method was used directly on acetates 

for the f i rst time, a blank on pentaacetylglucos e was also 

determined. In thi s case, carbon dioxide equivalent to 0.51% 

uronic anhydride was evolved, or, l.~G on the basis of glue-

ose itself. 
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ACETYL 

Acetyl was determined by Clark's method (140), in which 

the sample was deacetylated by heating with alcoholic alkali, 

and the liberated acetic acid was separated by steam distill­

ation of the acidified solution. The amount of distillate 

was increased from 50 to 100 ml., and the correction factor 

was ignored, as suggested by Jablonski (35). 

Iv1El'HOXYL 

:D.Iethoxyl analyses were carried out by the Penniston and 

Hibbert modification (141) of the Vieboch and Schwappach 

method ( 142). The scrubbing solution us ed v1as th at recomm­

ended by Friedrich (143), consisting of a mixture of equal 

volumes of 5% aqueous sodium thiosulphate and 5~~ aqueous 

cadmium sulphate. 

KLASON LIG!'UN 

Klason lignin was determined by the Standard TAPPI 

r::ethod ( 144) , which us ed a digestion period of t'I."'O hours at 

18 to 20oc. with 7zfo sulphuric ac id, followed by dilution to 

3% acid with water, and a further hydrolysis at the reflux 

temperature for 4 hours. 

COPPER REDUCING POWER 

The reducing power of sugar solutions was det ermined by 

the Somogyi modification of the Shaffer-Hartman method, as 

outlined by Browne and Zerban (145 ). The mixture of the 

copper reagent and sugar solutions v-ras heated for 40 minutes 



in all cases, and the reagent was calibrated using glucose 

as standard. All values were reported on this basis. The 

calibration curve was linear between 0.2 and 2.0 mg. of 

glucose per 5 ml. of solution, and so, wherever possible, the 

sugar concentration of the solution was adjusted by dilution 

to within this range before the determination. 

CALCULATION OF YIELDS 

Sanderson (54) summarized the proportions of the bark 

extracted by the earlier "'orkers ( see Figure III) and showed 

that material amounting to 47.1% of the original bark had 

been removed up to the end of the extraction with liquid 

ammonia. He removed 4.6$% in the subsequent large-scale 

extraction with water, and a further 1.06% was removed in the 

exhaustive water extraction at the start of this research. 

Thus the bark used as the starting point for the present 

alkali extraction represented 47. Zb of the original bark 

used by Harwood for methanol extraction. All yields have 

been multiplied by a factor 0.472 to convert them to the 

basis of the original bark. 

EXHAUSTIVE EXTRACTION OF THE BARK WITH WATER 

The residual bark from Sanderson's aqueous extractions, 

in portions of 350 to 400 gm., contained in a cotton bag, 

were continuously extracted with water in a large Soxhlet 

apparatus for 3 days, at which time the material siphoning 

over was colourless. The bark was air-dried, while the 

extracts were combined and stored under toluene. The total 



solids in the combined extract was determined, and it was 

found that from 3780 gm. of bark, 83.6 gm. (or 1.06%) of 

material had been extracted. 

SlVIALL-SCALE EXTRACTIONS OF THE BARK WITH ALKALI 

88. 

The bark samples (usually about 10 gm., dry weight) were 

accurately weighed and placed in 500 ml. round-bottom flasks 

which were set up for mechanical stirring. A sodium hydro­

xide solution of the desired concentration and volume was 

added, and then each flask was flushed with purified nitrogen 

gas. The mixture was stirred for 72 hours, occasionally 

washing down the material which splashed onto the side walls 

of the flask. l:Jhen the extraction was completed, the reaction 

mixture was separated on the centrifuge into the mother 

liquor and the residual bark. The residue was washed by 

stirring in the centrifuge bottle for a few hours with 50 

ml. volumes of 't·mter until the "trashings were only slightly 

coloured. About 6 washings were usually necessary. The bark 

was washed twice wi th 957~ ethanol, was dried in vacuum over 

phosphorus pentoxide overnight, and weighed. Corrections 

were made for the moisture content before and after extraction. 

The extract and washings were treat ed by one of the two 

procedures below. 

A. PRECIPITATION l·JITH SULPHURIC ACID 

The extract was acidified vlith 10:~ su l phuric acid 

until a pH of 2 'tvas reached. Although a colour change occ-



urred bet1.1een pH 3 and 5, the precipita te only separated 

cleanly at the lm·Ier pH. The precipitate was collected on 

the centrifuge, was washed once with distilled water, t wice 

with a lcohol and twice with benzene, and then was dried over­

night in vacuo over phosphorus pentoxide . The acidified 

mother liquor from the precipitation was dialysed in a cello­

phane membrane against running vJater until a negative test 

for sulphate ion vras obtained in the non-dialysable portion. 

This fraction was concentrated to one-third of the original 

volume and diluted vJi th two volumes of alcohol; the precip­

itate was solvent-exchanged through alcohol into benzene, was 

dried and weighed. Usually, however, only an aliquot of the 

acidified mother liquor wa s dialysed, and then the solids in 

the nondialysable portion were determined. 

B. PRECIPITATION ~,VITH ACETIC ACID 

The extract was neutralized with glacial acetic acid 

to a pH of 6.5 to 7.0 and ltJas concentrated at reduced press­

ure to a volume of one-quarter of the orie;inal. The pH was 

then lovrered to 5 with acetic acid, and, after standing for 

an hour, a fine light brm'm precipitate slowly settled. This 

precipitate was collected on the centrifuge, was washed with 

70% alcohol to remove any sodium acetate, was solvent-exch­

anged through alcohol into ether, and was then dried over 

phosphorus pentoxide in a vacuum desiccator. A second precip­

itate, obtained by adding t\'\1'0 volumes of alcohol to the a cid­

ified mother liquor, was collected, washed and dried in the 
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same manner. 

LARGE-SCALE EXTRA CT IONS OF THE BARK ~'li TH ALKALI 

The bark, 1100 gm., with 14.05% of moisture (946 gm. 

moisture free), was placedin a large, stainless steel tank 

containing 15 litres of 2% sodium hydroxide solution. The 

mixture was stirred by hand for a few minutes until the bark 

was thoroughly wetted, and then the system was sealed and 

swept v.nth nitrogen. The tank was kept under a positive 

nitrogen pressure during the 3-day extractfunperiod, after 

which the extract was separated from the bark residue by 

filtration under vacuum through a BUchner funnel covered 

with a piece of cotton cloth. The bark residue from the 

extraction was poured into 6 litres of distilled v1ater, 

stirred for a felJ'T minutes, and then allowed to stand over­

night. The next day, the aqueous extract was filtered in 

the above manner, and t he residue subjected to a second 

washing . This procedure was continued for 6 days, after 

which the bark was extracted with 2% alkali again. The 

sequence of extraction and washing was carried out three 

times in all. After this sequence was completed, the bark 

was soaked in water containing a little aceti c acid to wash 

out the remaining alkali, was wash ed once more \~th water, 

was air-dried, and finally weighed. The weight on a moisture­

free basis was 634 gm., or 67% of the starting material. 

All the liquors were worked up in the following manner. 

They were neutralized to pH 6.8 to 7.0 with glacial acetic 
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acid, were transferred to a large, stainless steel still, 

heated by a steam jacket, and were concentrated at dimin­

ished pressure to a volume of about 4 litres. An additional 

25 ml. of glacial acetic acid was added, and the liquor was 

left for a few hours (or overnight) for the precipitate to 

coagulate. After separation on the centrifuge, the mother 

liquor being stored temporarily, the precipitate was washed 

by stirring with 7~0 alcohol for a few minutes and was sol­

vent-exchanged through alcohol into ether. Drying was over 

phosphorus pentoxide in a vacuum desiccator. 'rhis procedure 

gave fractions ~-1, a-2 and ~-3 from the three alkaline 

extracts and fractions Q-1, b-2 and b-3 from the washings. 

Two volumes of alcohol were added to the acidified mother 

liquors, and the precipitate which formed was removed by 

centrifuging, \'rashed wi th 70fo alcohol, solvent-exchanged, 

and dried as above. The precipitates were designated as 

fractions ~-1, ~-2 and Q-3 from the extracts, and d-1, d-2 

and d-3 from the vrashings. The weights of the individual 

precipitates are reported in Table IV, the total being 265.2 

gm., or 27.$% of the starting material, or 13.2% of the 

original bark. 

The procedure for the second large-scale extraction was 

essentially the same. Four consecutive three-day extractions 

with the alkali were carried out with no intermediate aqueous 

washing. Then the residue was washed •t~ith water until nothing 

further was extracted. The liquors led to 14 further fractions 
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which are listed in Table IV. This second extraction yielded 

a total of 290.0 gm. of extract from 994 gm. of bark, corr­

esponding to 29.~~ of the starting material, or 13.7% of the 

original bark. The bark residue from the second extraction, 

after air-drying, was weighed, and its moisture content deter­

mined. The dry weight was 651 gm., showing that the weight 

loss was 343 gm., or 34.5% of the starting material. 

The ash content of each of these samples was determined, 

and the sugars produced by acid hydrolysis were identified 

chromatographically. A study of the results of these analyses 

showed that there were two distinct fractions, one comprising 

the ~ and b samples, and the other ~ and d. All the a and b - -
sub-fractions t..._rere combined to give a new Fraction A, while 

the c and d sub-fractions were combined into two large fract-

ions, as previously outlined. 

EXA!lJ:NATION OF THE r'10THER LIQUORS 

The mother liquors from the t wo extractions were still 

highly coloured after the alcohol precipitations, and the 

material balance showed that about lü% of the original weight 

was unaccounted for. To improve this situation, the liquors 

were combined and concentrated to a volume of 20 litres. 

After the concentrate had b een standing for a few days, a 

brovm precipitate settled which was separated by decantation 

and centrifugation, was dried by solvent-exchange through 

alcohol, ether, and benzene, and then in vacuo. The resulting 

dark brown povtder, 12.9 gm., was designated Fraction E. A 
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2000 ml. aliquot (1~~) of the remainin~ liquor was then 

neutralized to pH 7 1dth sodium hydroxide solution, and 

dialysed in a cellophane bag against tap water for 48 hours. 

The non-dialysable portion was concentrated to 200 ml., and 

poured into an equal volume of acetone, the precipitate being 

collected at the centrifuge, washed with acetone and ether, 

and dried in vacuo. The resulting brovm solid, Fraction F, 

weighed 2.12 gm. After further concentration, the mother 

liquors were poured into five volumes of acetone, but only 

an oily precipitate resulted. The solution was evaporated to 

a thick syrup at reduced pressure; in this distillation, there 

was a strong tendency to foam, even though Dow-Corning anti­

foam compound had been added. The syrup was converted to 

a bro-vm pm·rder (Fraction G, 3.02 gm.) after drying for 48 

hours at 10 mm. pressure over phosphorus pentoxide. Table V 

summari zes the yields and analyses of the se rünor fractions. 

SHALL-SCALE INVESTIGATIOT!S OF FRACTION A 

REPRECIPITATION FROE ALKALI 

A sa::nple of Fraction A we ighing 5. 00 [!;m . was stirred 

mechanically under a nitrogen atmosphere with 100 rü. of 2;~ 

caustic soda solution for one hour. The insoluble portion was 

separated on the centrifuge and was extra cted for another hour 

with a further 25 ~1. of the caustic soda. The residue from 

t he second alkali extraction was 11ashed twice wi th 25 ml. 

volu.rnes of water, and vJas th en dried , first by solvent-exch­

ange 1.'lith clcohol and ether, and th en under va cuum over 



phosphorus pentoxide. Drying yielded 0.82 gm. (16.4;{, ) of 

alkali-insoluble material in the extract; ash, 23 .Bj·j. 
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The t1:m alkali extracts and the two \'fater v·Tashings were 

combined and neutralized with glacial acetic acid to pH 7. 

Then the solution vras c oncentrated to a volume of lOO ml. 

and poured into 200 ml. of absolute ethanol. 'i'he precipitate 

was collected, vrashed with 7o:;1, ethanol to rernove any sodium 

acetate, then with absolute ethanol and finally benzene. 

After being dried over phosphorus pentoxide under reduced 

pressure for 12 hours, the product weie;hed 3.93 e;m. (78.6%); 

ash 1L~.5~ . The total recovery was 95',L Paper chromatograph­

ie determination of the sugars p roduc ed by acid hydrolysis of 

these t1.vo fractions showed each to contain both glucose and 

uronic acid. 

ATTEI--P TED FRACTIONATION VJITH ETHANOL 

A sample of Fraction A, 1.00 gm., vvas shaken in a sealed 

bottle for 2 hours with 50 ml. of 2% sodium hydroxide. Then 

t he mixture was a cidified to pH 5 't-.rith a cetic acid and the 

insoluble material was collected on the centrifuge. This 

precipitate was solvent-exchanged and dried as in 0he previous 

experiment. The t'leight ,,ras 0.53 gm.; ash 18. 0% . Then the 

mat erial r emaining in s olution 1-vas f r a ctionated by collecting 

precipitates after the alcohol content of the solution had 

been brought to 33%, 50% and 80% . The precipitates were 

-vrorked up i n the usual manner , and the weights were O. 26, 

0.04 and 0.03 gm., respectively. 
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TRIAL DE-ASHING 

A 1.00 gm. sample of Fraction A was stirred with 150 ml. 

of O.lN hydrochloric acid for 20 minutes at 5°C., after which 

the mixture was centrifuged and the mother liquor decanted. 

The de-ashed precipita te was v1ashed wi th three 25 ml. volumes 

of distilled water. Although the pH of the third washing was 

still 4.8, the material was starting to become peptized, and 

the ioJ'ashing was stopped. The mat erial was air-dried wi thout 

solvent-exchange and then vacuum-dried over phosphorus pent­

oxide. A hard, dark brovm residue remained, weighing 0.58 

gm., which was ground to a powder, and found to contain 1.84% 

of ash. The acid solution and washings were neutralized with 

acetic acid and sodium hydroxide to pH 7 and were concent­

rated in vacuum to 35 ml. Then 100 ml. of alcohol was added, 

and the precipitate which formed was recovered on the centri­

fuge, solvent-exchanged and dried. ~veight, 0.18 gm.; ash 

content, 22.8',~ . 

EXTRACTION WITH M,:IV:ONIUM HYDROXIDE 

A sample of 1.00 gm. of Fraction A was stirred for 4 

hours in a centrifuge bottle with 50 ml. of 2% ammonium hydro­

xide solution. The insoluble material was separated by 

centrifugation, washed \'lith v1ater until ammonia could no 

longer be detected in the washings, and dried by solvent­

exchange through alcohol into benzene. The residue, after 

drying over phosphorus pentoxide in vacuo, weighed 0.18 gm. 

The ammonia-soluble portion of Fraction A was precipitated 
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from the combined extract and aqueous washings by the addit­

ion of two volumes of alcohol, was redissolved in 50 ml. of 

water, and was reprecipitated by the addition of alcoholic 

hydrochloric acid until a pH of 1 was reached. The precipit­

ate was washed with distilled water until the washings were 

neutral, and then ~rith ethanol, and finally benzene. After 

being dried in vacuo, the residual solid weighed 0.84 gm. 

The liquors from both precipitations of the extract were very 

dark in colour, and no doubt contained further material so 

that the final recovery would have been well over lOa,h. 

EXTRACTION WITH AT-!fr.CONIUT"l OXALATE 

A portion of Fraction A, 10.0 gm., was stirred at 80° 

with lOO ml. of 2% ammonium oxalate for 2 hours. Then the 

insoluble material was centrifuged from the solution and again 

extracted with lOO ml. of the ammonium oxalate solution for 

2 hours. The residue was washed successively with water, 

alcohol, acetone and ether and was then dried, yielding 2.35 

gm. of a light brown powder. The two extracts were combined 

and precipitated by addition of 500 ml. of ethanol. The 

precipitate was collected on the centrifuge, washed with 70% 

alcohol, solvent-exchanged through alcohol and acetone into 

ether and dried over phosphorus pentoxide. Yield, 7.73 gm.; 

the mother liquors were highly coloured, but were not examined 

further. 
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ATTE:ŒTED HYDROLYSIS OF FRACTION A ',HTH EIŒLSIN 

I'he activity of the emulsin, supplied by Nutritional 

Jiochcmical Corporation, v;as confirmed by an e::::periment using 

sa!icin. This g lucoside showed an increase in copper reducing 

pm-1er equivalent to 8~~ of the theoretical aL ·Y·mt of :.:;lu c osE; 

after treat!'lent \·ri. th the emulsin for 12 hours. A sample, 

0.100 gm., of Fraction A vras stirred ~'li th 5 ral. of z,; sodium 

hydroxide solution for one hour. ':'hen 25 r.:l. of ~:rater "'ras 

added and the insoluble material v:as separated by centrifur;­

ation. ?he pE of t h e solution ·~:,ras adjusted to 5.0 with 10;; 

acetic acid, and t h en diluted to 50 :-:11. in a volumetrie flask. 

't'hen 5 mgm. of e!nulsin "l::as added, and a 5 ml. sample was taken 

and its copper reducing power determined. Samples were also 

removed after 6 a~1d 16 hours, ,J.nd analysed. The volmnes of 

0.005E sodium thiosulphate solutions consumed in these 

analyses were 1.34, S.38 and ~.36 ml. respectively, or were 

constant to ~·ri thin experimental error. 'l'he se values correspond 

to l. 23 me;m. of glucose per 5 ml. of solution, or per 10 mgm. 

of the original Fraction t.. To show that the activity of 

the ercmlsin Nas not being destroyed in the medium, a parallel 

experiment vras conducted using a mixture of 0.100 gm. of 

Fraction A and 0.025 gm. of salicin. In this experiment the 

increase in copper reducing pm,rer indicated that 6g;; of the 

theoretical amount of e lucose had been produced. The high 

reducing pmver of Fraction A before hydrolysis was probably 

caused by non-carbohydrate constituants. 
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ACETYLATION OF FRACTION A 

Since test tube experiments had shown that this extract 

was swollen in formamide, but unaffected by pyridine, the 

method of Carson and Maclay (106) was used for acetylation. 

A sample weighing 1.00 gm. was stirred for 4 hours with 

formamide; although the material was not very highly swollen, 

no further swelling appeared to be taking place. Then 20 

ml. of anhydrous pyridine was added and the mixture was 

stirred for another 30 minutes. Ten ml. of re-distilled 

acetic anhydride was then introduced to the stirred suspen­

sion through a dropping funnel over a period of 30 minutes, 

and the reaction mixture was stirred at room temperature for 

48 hours. The insoluble material vms separated with the 

centrifuge and was washed three times with water, then alcohol, 

and finally benzene, and was then dried under vacuum. Yield, 

0.41 gm.; acetyl, 23.0%. 'l'he soluble portion of the reaction 

mixture was precipitated by pouring onto 50 gm. of crushed ice 

mixed with 100 ml. of water, and the precipitate was collected, 

washed and dried as above . Weight, 0.26 gm.; acetyl, 27.6fo. 

These recoveries only accounted for 51% of the starting mater­

ial. A considerable amount of material appeared to be disper­

sed in the aqueous liquors , and could not be precipitated by 

the addition of ethanol. A precipitate formed when these 

liquors were acidified with hydrochloric acid, but after 

washing , solvent-exchange, and drying, only a ccounted for 

0.04 gm. of the original extract . 
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REACTION OF FRACTIOR A WITH SODIŒ•1 CHLORITE 

A portion of Fraction A, 10 gm., was stirred with 250 

ml. of distilled wat er until it v-ras complet ely suspended, and 

the pH was adjusted to 4.8 with glacial acetic acid. Then 

16.7 gm. of technical sodium chlorite was added in small 

portions over a period of 2 hours; the mixture was stirred 

throughout, and the pH was maintained at 4.8 by the addition 

of acetic acid as required. The temperature was kept below 

30° by means of a water bath. After about 4 hours, the mix­

ture became quite light in colour. After being stirred for 

t1.,0 more hours, the insoluble material was collected on the 

centrifuge, and was wash ed with 50 ml. volumes of 7~~ alcohol 

until the sodium chlorite was completely removed, as shown 

by its failure to give a colour to acidified potassium iodide­

starch solution. Six washings were required in all. The 

residue was dried, first by solvent-exchange through alcohol, 

acetone, and ether, and finally at reduced pressure overnight 

over phosphorus pentoxide. Yield, 3.95 gm. 

rdhen the mother liquor v-ms poured into t wo volumes of 

ethanol, a sticky mass settled. This mass was t aken up in 

100 ml. of water, and an equal volume of alcohol was added. 

The precipitate, a light brov-m solid, was recovered by centri­

fugation, and dried , first by solvent-exchange, and then in 

a vacuum desiccator. Yield, 1.05 gm . 

A sample, 1.00 gm., of the v-~ater-insoluble product was 

given a second treatment wi th 1.00 grn . of sodium chlorite in 

25 ml. of water. After the reaction mixture had been worked 
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up in the above r.1anner, a water-insoluble product weighing 

0.83 gm., and a ivater-soluble substance weighing 0.07 gm., 

't·lere obtained. 

LARGE-SCALE BLEACHING OF FRACTION A 

The procedure was a modification of that used in the 

smaller-scale experiments. Bleaching ~ .. vas carried out in 

three batches, 40 8~ · of Fraction A being used in each case. 

This amount ~rfas dissolved by stirring vrith 400 ml. of Zfo 

caustic solution for one hour. Then 400 ml. of water was 

added and the solution was neutralized to pH 4.8 with 

glacial acetic acid. The sodium acetate-acetic a cid medium 

formed during this treatment acted as a buffer, and the pH 

remained constant at this value throughout the experiment. 

Over a period of two hours, 50 gm. of technical sodium chlor­

ite vms added to the stirred suspension, the reaction temp­

erature being kept below 30° by the addition of a little ice 

when necessary. The products fron the three runs were coll­

ected and treated as before, and weighed 19.4, 17.5 and 19.3 

gm. Sone material was lost in the second experiment be-

cause of foaming. The total yield was 56.2 gm., or 46.~~ 

of the startina; material. This ""at er-insoluble, bleached 

material was hereafter denoted as Fraction A-1. A s econd , 

ltTater-soluble portion, Fraction A-2 Nas obtained when the 

three combined mother liquors were poured into an equal 

volume of a lcohol. This frac ti on, wh en washed and dried, 

amounted to 12.9 gm. (10.8;'~) of a light tan powder. The total 
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recovery of starting material was 57.5%. These materials 

were analysed for carbohydrates, as summarized in Table VII. 

Sl\TALL-SCALE INVESTIGATION OF FRACTION A-l 

DEGREE OF HYDROLYSIS 

Samples of about 0.025 gm. were accurately weighed into 

glass tubes, 1 ml. of N sulphuric a cid was added, and the 

glass tubes were sealed. The samples were then placed in an 

oven at 95° for 6 hours, with occasional shaking. Then the 

tubes '!.'lere opened, the contents complet ely transferred \vi th 

washing to a volt~etric flask, diluted to 50 ml. with water, 

and 5 ml. aliquots v1ere analysed for their copper reducing 

power. The degree of hydrolysis of Fractions A, A-l and A-2 

was determined in this manner, giving the values listed in 

Table VII. 

OXIDATION AND HYDROLYSIS TO ~lliCIC ACID 

A sample of Fraction A-1, 0.50 gm., was placed in a 

round-bottom flask and 50 ml. of N hydrobromic acid contain­

ing 0.5 ml. of bromine was added. The flask was fitted with 

a reflux condenser and an electric heating mantle, and was 

heated at reflux temperature for 24 hours. A few drops of 

bromine were added through the top of the condenser from 

time to time as the liquid became colourless. The insoluble 

material was removed by filtration through glass wool; the 

filtrate '!tlas conc entrated to a volume of 10 ml. at reduced 

pressure and allovJed to stand at 5° overnight. A white, 
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crystalline solid formed, which was collected by filtration, 

dried and weighed. Yield, 0.10 gm. This product was twice 

recrystallized from boiling water to yield 0.040 gm. of 

colourless crystals, melting at 210-211° with decomposition. 

This melting point was undepressed when mixed ~rlith an auth­

entic sample of mucic acid. The filtrate from the mucic acid 

crystals was neutralized vvith potassium hydroxide, evaporated 

to dryness, and 2 ml. of water was added to the residue. This 

residue was then acidifed \rith hydrochloric acid, extracted 

vli th 10 ml. of alcohol, and the extract evaporated to dryness. 

The residue was neutralized with potassium carbonate, 1 c.e. 

of glacial acetic acid was added, and the mixture left to 

stand for several weeks. No crystals of potassium acid sacc­

harate were formed during this time. 

ACETYLATION 

A. With Sodium Acetate 

A mixture of 2.5 ml. of redistilled acetic anhydride 

and 0.12 gm. of fused sodium acetate was heated in a water 

bath at 900; then 0.50 gm. of Fraction A-l was added in 

portions over a period of about 15 minutes. The mixture was 

heated on a steam bath for 4 hours, and shaken thoroughly 

at regular intervals. Then a vacuum was applied to the 

system, and the excess acetic anhydride was distilled off 

in vacuo. The residual paste was drowned in 25 ml. of ice 

v-rat er and the precipi tate ltJhich formed was collected, washed 

five times with water, then with alcohol and benzene, and 
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finally dried. Yield, 0.18 gm.; acetyl, 23 .2%. 

The mother liquors from the precipitation were concent­

rated at reduced pressure to one-third of their volume and 

were poured into 100 ml. of ethanol. The precipitate was 

treated in the above manner, yielding 0.11 gm. of dark 

brown product with 20.~~ of acetyl 8roups. 

B. With Pyridine-Formamide 

A mixture of 3.0 gm. of Fraction A-l and 60 ml. of 

formamide was stirred at 40° for about an hour, in order 

to convert the solid to a highly swollen gelatinous mass. 

Then 30 ml. of pyridine ( distilled from barium oxide) \'Tas 

added, the mixture was stirred for 2 hours more, and was 

cooled to room temperature. Redistilled acetic anhydride, 

30 ml., was then added through a dropping funnel, the mixture 

1"'as stirred at room temperature for 24 hours, v.ras heated to 

40° and stirred at this temperature for another 2 hours. Then 

the acetate was precipitated by pouring the mixture onto a 

mixture of 100 gm. of ice and 200 ml. of water. After stand­

ing for an hour at 5°, the insoluble material was removed on 

the centrifuge, was washed three times with water, twice with 

?CY/o ethanol, and three times with absolute ethanol. When the 

product was washed with benzene, part of it dissolved, but 

was reprecipitated by the addition of an equal volume of pet­

roleum ether and was thereafter treated separately. The ben­

zene-insoluble mat erial v-ras v1ashed once mor e \·J'ith benzene and 

dried over phosphorus pentoxide and paraffin at reduced press-
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ure. Yield, 0.55 gm.; acetyl, 25.5% (Acetate I). The benzene­

soluble portion was \'lashed twice wi th petroleum ether and dried 

in the same manner. Yield, 0.54 gm.; acetyl, 40.7% (Acetate 

II). These two fractions only accounted for about one-quarter 

of the original material, after allmving for their acetyl 

content. 

The aqueous liquor from the acetylation was concentrated 

in vacuo to a volume of 80 ml., and 150 ml. of ethanol was 

added. The precipitate coagulated only very slowly, and was 

left to stand at 5° overnight. After being recovered on the 

centrifuge, exchanged through 70% ethanol, absolute ethanol, 

and benzene, and finally dried, as above, the yield was 1.01 

gm.; acetyl, 23.~0 (Acetate III). The mother liquors from 

this precipitation were concentrated to 50 ml. and poured 

into 10 volumes of alcohol. The precipitate was recovered as 

above. Yield, 0.39 gm.; acetyl, 28.6% (Acetate IV). These 

four precipitates, when corrected for acetyl content, only 

accounted for 60% of the original Fraction A-1. 

A sample of Acetate III, 0.50 gm., was reacetylated by 

the same method, using 10 ml. of formamide, 20 ml. of pyri­

dine, and 20 ml. of acetic anhydride. \'lhen the mixture was 

poured onto ice water, only a negligible quantity of mater­

ial precipitated, and the solution was evaporated to 40 ml., 

and poured into ti'lo volumes of ethanol. The precipitate was 

collected, washed with 70% ethanol, absolute ethanol, and 

benzene, and dried. Yield, 0.42 gm.; acetyl, 32.2%. 
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Small samples of Acetates I, II, and III were deacetyl­

ated by immersing them first in alcoholic potassium hydroxide 

for 2 hours, and then overnight in aqueous alkali. The mat­

erials recovered from these reactions were each hydrolysed 

with sulphuric acid, and then the sugars were studied by 

paper partition chromatography. Acetate I yielded strong 

spots corresponding to glucose and uronic acid, and much 

weaker spots of xylose and arabinose. Acetate II showed 

very strong glucose spots and no other sugar or uronic acid, 

while Acetate III shmr.Jed only the presence or uranie acid. 

EXTRACTION OF FRA CT ION A-l ·,·li TH AL KALI 

A sample of Fraction A-l, 5. 00 gm., v-ras stirred wi th 100 

ml. of 2% sodium hydroxide solution for one hour and the 

insoluble portion was recovered at the centrifuge. This 

residue was washed for another hour v.rith 50 ml. of the 

al kali, th en t1-dce 1·.Ji th 25 mL volumes of distilled 1-1ater. 

Since the washings appeared to contain a considerable amount 

of dispersed material, they were combined vrith the alkaline 

extract. The undissolved material v.ras washed with ethanol 

and benzene and then dried. Yield, 1.43 zm. (2G .~;). The 

extract and washings were neutralized to pH 6 with acetic 

acid and poured into 2 volumes of ethanol. The precipitate 

was collected at the centrifuge, 1-:ashed wi th alcohol, acetone 

and ether, and dried. Yield, 3.22 g . (64.~). Total recov­

ery, 92.0"~. 
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PRECIPIT A'.i.'ION OF THE ALKALINE EXTRACT \>liTH ACID 

A 1.0 gm. sample of Fraction A-l (ash, 2l.~j) was extr­

acted with alkali and water as in the previous experiment. 

This extract i•ras acidified Vl.ri th 1~ sul ph urie acid un til the 

pH was l ess than 1. 'rhe precipitate v-ras collected, washed 

with water, alcohol, and ether, and dried. Yield, 0.26 gm. 

( ash, 6. 05:ê~). The mother liquor vv-as neutralized to pH 6 

;:Tith sodium hydroxide solution and then dialysed against 

running water in a cellophane membrane for 36 hours. A 

precipitate vàüch settled during this time was collected and 

dried. vleie;ht, 0.19 gm. (ash, 13 .3~ ). The remainder of the 

extract was precipitat ed by pouring the non-dialysable sol­

ution into 500 ml. of ethanol. The dried precipitate weighed 

0.15 gm. Samples of each of these t hree products were hydro­

lysed and the free sugars separated chromatographically. All 

three hydrolysates shm·Ted spots of glucose and uronic acid, 

of about the same strength, and it appeared that little frac­

tionation had occurred during this separation. 

PRECIPITATION OF CALCIUI~l PECTATE FROM THE ALKALINE EXTRACT 

The alkaline solution, prepared as in the previous exp­

eriment, was neutralized to pH 6 with a cetic acid. A small 

precipitate which formed was r ecovered, solvent-exchanged, 

and dried. Yield, 0.15 gm. The neutralized mother liquor 

was then mixed ~rith 10 ml. of 10';0 calcium chloride so lution, 

and the precipitate was separated , washed with water, alcohol 

and ether, and dried, yielding 0.42 gm. of a slightly yellow 
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powder containing 11.7% of ash. The liquors were dialysed 

as before and precipitated with ethanol but yielded only 

0.07 gm. Samples of these three fractions \vere al so hydro­

lysed and their sugars identified chromatographically. It 

appeared that a better separation was obtained in this case, 

as the uronic acid predominated in the second precipitate 

with calcium chlori de, while the first and third precipitates 

contained the bulk of the glucose. 

ACETYLATION OF THE RESIDUE FROM THE ALKALINE EXTRACTION 

A 1.0 gm. sample of the portion of Fraction A-l not 

dissolved in alkali was acetylated at 45°C. for 24 hours, 

using 5 ml. of formamide, 10 ml. of pyridine and 10 ml. of 

ac etic anhydride. The product isolated by pouring the re­

action mixture onto ice weighed 0.58 gm. and contained only 

5.6% of acetyl. Another fraction was isolated when the 

mother liquor was concentrated to 50 ml. and poured into 150 

ml. of ethanol. This portion, 0. 21 gm., contained 11.5% of 

acetyl group. 

ACETYLATION OF THE ALKALINE EXTRACT 

A sample of the material precipitated from t he above 

alkaline extract, weighing 3.00 gm., was swollen in formamide 

by stirring f or 2 hours at 45°. Then 20 ml. of pyridine was 

added, the mixture was coo1ed to room t emperature and 20 ml. 

of acetic anhydride was added dropwise. The reaction mixture 

was stirred at 45° for 24 hours, and then poured i nto 300 ml. 



108. 

of ice v-Jater and allo~red to stand at 5° for 4 hours. The 

precipitate was separated, washed with water, alcohol, and 

petroleum ether, and dried. Yield, 0.26 gm.; acetyl 40.~b. 

The material dispersed in the water was recovered in two 

portions. The first '"as isolated by concentrating to 100 

ml. and pouring into 200 ml. of ethanol. Yield, 1.13 gm.; 

acetyl, 28.6;b. The second was obtained by evaporating to 20 

ml. and then adding 100 ml. of ethanol. Weight, 0.82 gm.; 

acetyl, 24.3%. 

LARGE-SCALE EXTRACTION OF FRACTION A-l 'HITH ALKALI 

Fraction A-1, 60.0 gm., was stirred \vith 400 ml. of z;'o 

sodium hydroxide solution for 4 hours under a nitrogen atmos­

phere. The insoluble material was separated on the centrifuge 

and extracted again with 200 ml. of the alkali. The two 

extracts v-Jere combined . The insoluble residue \vas washed once 

with 100 ml. of 1% hydrochloric acid "'-'Thich had been cooled to 

0°; then twice with 50 ml. volumes of water. These aqueous 

wash ings appeared to contain a considerable amount of disper­

sed material, and they were treated separately. The residue 

was dried by solvent-exchange with alcohol and ether, and 

then in vacuo. \'leight, 23.7 grn.; uronic anhydride, 3S.3j~ 

(Fraction A-la). A second precipitate was obtained by the 

addition of two volumes of ethanol to the aqueous vvashings, 

solvent-exchanging, and drying . Yield, 5.83 gm.; uronic 

anhydride, 94.0% {Fraction A-lb). 

The alkaline extracts were acidified to pH 4.5 v-nth glac-
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ial acetic acid, and were then diluted by the addition of 2 

volumes of alcohol. The precipitate was also v-rashed with 50 

ml. of cold, 1% hydrochloric acid, then with water, was sol­

vent-exchanged with alcohol and ether, and dried. Yield, 

12.5 gm.; uronic anhydride, 29.7% (Fraction A-le). A further 

precipitate weighing 3.63 gm. was recovered from the aqueous 

washings (Fraction A-lf). This sub-fraction had 55.5% of 

uronic anhydride. 

The pectic material remaining in the Fraction A-la was 

extracted by allowing it to disperse into water. This frac­

tion, 20.0 gm., l'las stirred vigorously for 2 hours wi th three 

successive volumes of water, was recovered, solvent -exchanged, 

and dried. Weight, 12.67 gm.; uronic anhydride, 5.2~~ (Frac­

tion A-le). Each of the three extracts was diluted with 

ethanol, the precipitates solvent-exchanged through ethanol, 

acetone and ether, and dried in vacuo. The yields were 5.52 

gm., 1.75 gm., and 0.15 gm. The first two were combined 

(Fraction A-ld) and an analysis for uronic anhydride content 

gave 93.~. On this basis this material was combined with 

Fraction A-lb. 

ISOLATION OF PECTIC ACID FROK THE CALCIUM PECTATE 

A srunple of the pectin isolated in the pr evious experi­

ment was ashed at 65ooc.; ash, 11.3%. A test of the acid­

soluble portion of the ash with ammonium oxalate solution 

showed there was a considerable runount of calcium present , 

indicating that the original pectin was in the form of calcium 
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pectate. The original bark and Fractions A and A-l also 

eave positive tests for calcium when treated in this manner. 

A sample of the calcium pectate, 2.00 gm., was extract­

ed twice at room temperature with 20 ml. of ammonium oxalate 

solution. The residue was h'ashed wi th water and dried at 

reduced pressure. 'VVeight, 0.14 gm. The two extracts were 

precipitated with ethanol, the precipitate redissolved in 

50 ml. of water, and reprecipitated by the addition of 100 

ml. of ethanol containing 5 ml. of concentrated hydrochloric 

acid. The precipitate was collected at the centrifuge, 

washed with ?cY; ethanol, absolute ethanol, and ether, and 

dried under high vacuum over phosphorus pentoxide for 24 hours. 

Yield, 1.82 gm. An attempt to measure the rotation of this 

pectic acid 1.-1as unsuccessful because of the turbidity of its 

solutions in either ammonium or sodium hydroxide. 

PURIFICATION OF THE PECTIC ACID 

A sample of the impure pectic acid weighing 1.60 gm. was 

dissolved in 25 ml. of 2% ammonium hydroxide solution and was 

precipitated by the addition of 5 ml. of lü% calcium chloride 

solution. The precipit ate was recovered, washed t\'rice wi t h 

1t1ater and then redissolved by st irring for a few minutes wi th 

50 ml. of 2% ammonium oxalate solution. This cycle of prec­

i pitation by calcium chloride followed by dissolution in 

armnonium oxalate was carri ed out 5 times. Then the ammonium 

oxalate solution was dialysed against running water in a 

cellophane bag for 24 hours, and the free pectic acid was 
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reprecipitated with alcohol containing a little hydrochloric 

acid. The precipitate 1.vas redissolved in ammonium hydroxide, 

reprecipitated with acidified alcohol, and washed with 

alcohol, acetone, and ether. In spite of this washing, the 

pectic acid was still in the form of a wet gel. This product 

was dried in vacuo over phosphorus pentoxide to a hard, white 

mass, which 1•las ground to a powder in a mortar and dried at a 

pressure of 0.01 mm. of mercury for 24 hours. Yield, 0.97 

gm.; ash, 0.52%; uronic anhydride, 94.7%; [~J~5 :+265° (c = 
0.7 in 1% ammonium hydroxide). 

FORl\'IATION OF T':TIJCIC ACID FROM THE CALCIUM PECTATE 

Since the yield of mucic acid in the earlier oxidation-

hydrolysis only accounted for a small portion of the total 

uronic acid, a similar experiment was conducted on the calcium 

pectate. In this case, a 0.50 gm. sample was mixed with 50 

ml. of N hydrobromic acid and 1 ml. of bromine and left, with 

occasional shaking, for 3 days. Then the mixture was heated 

under reflux, and the mucic acid recovered as in the earlier 

experiment. This procedure yielded 0.34 gm. of mucic acid, 

melting at 212-213° (corrected) with decomposition, or 65% 

of the theoretical yield. 

ACETYLATION OF THE FRACTION A-le 

Technique was first tested on a 1 gm. sample, using the 

formamide method . As in the earlier case, three fractions 

were obtained , one benzene-soluble, one benzene-insoluble and 
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a third dispersed in the water. 

The remaining alkali-soluble fraction, 11.0 gm., was 

stirred with 100 ml. of formamide (redistilled) at 40° for 

1 hour, and then 150 ml. of anhydrous pyridine was added, 

and the mixture stirred at 40°C. for 2 hours. The heating 

bath was then removed and 100 ml. of distilled acetic anhy-

dride was added drop"trise over a period of 1 hour. After 

this mixture was stirred at 40° for 24 hours, it was poured 

into 1 litre of water containing 500 gm. of ice. The mix­

ture was allowed to stand overnieht at 5°C., as the precip­

i tate appeared to coagula te slor,-rly. The precipitate was 

recovered, washed three times with water, three times with 

ethanol, and stirred three times with 50 ml. volumes of 

benzene before being dried. Yield, 5.0 gm.; acetyl, 40.6% 

(Acetate Ie). The benzene extracts were poured into 200 ml. 

of petroleum ether, the precipitate washed with petroleum 

ether, and dried. Yield, 6.17 gm.; acetyl, 43.~~; uranie 

anhydride, 2.75% (Acetate IIe). This acetate gave a sorne-

what coloured solution in chloroform, but it was sufficient­

ly transparent to permit accurate readings on the polarimeter; 
'1.5 

}9c]0 =+17S0 (c -= 0.3S in chloroform). 

The aqueous mother liquors from the precipitation were 

concentrated to 300 ml. and poured into 600 ml. of ethanol. 

The precipita te Tt!as separated, "trashed 1•ri th ethanol and ben­

zene, and dried. Yield , 2.63 gm.; acetyl, 23.15~ (Acetate IIIe). 

A second precipitate was r ecovered by evaporation to 125 ml. 
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and the addition of 500 ml. of ethanol. Yield, 1.87 gm.; 

acetyl, 19.8% (Acetate IVe). These tv-ro \IITere combined and 

the uronic anhydride content 1:1as found to be 43. J{;, showing 

them to be largely pectin acetates. 

The benzene-insoluble acetate from the above experiment 

V"las reacetylated by m.-rolling in pyridine (50 ml.) for L~ hours 

at 50° and by adding 20 ml. of acetic anhydride slowly at 

room temperature. The mixture was stirred for 12 hours at 

this temperature and for 12 hours at 450. After being recov­

ered in the same manner as before, the product ..,,ras separated 

into a benzene-insoluble acetate, 2.29 gm., and containing 

39.8:'0 of acetyl, and a benzene-soluble acetate vleighing 2.19 

gm. and having 42.7% of acetyl groups; this product vTas 

combined with the previous fraction \•rhich had been extracted 

by benzene. No attempt was made to recover the small amount 

of rra teri al dispersed in the 1·rat er. 

As the acetyl value of this starch acetate was a little 

less than the theoretical value of 4Lr-.~~, another a cetylation 

was attempted. A portion of 5.00 gm . v-ms swollen in 50 ml. 

of anhydrous pyridine, then 15 ml. of formamide \"l'as added 

and fina lly 20 ;nl. of redistill ed acetic anhydride through a 

dropping funnel. The react i on vras carried out at room temp­

erature for 12 hours and then at 400 for 6 hours. The mix­

ture was poured into a beaker containing 250 gm. of ice and 

400 ml. of water, and one hour l ater the precipitate Has 

collected, I·Jashed vr:i..th water and alcohol and then vdth benzene. 
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The benzene extra ct was precipi tated \·Ji th petro1eum ether and 

dried. Yield, 4.08 gm. The acetyl content remained unchanged 

at 43.4% during this reaction, but the uronic anhydride cont­

ent had fallen from 2. 75~ to 1.19."~ . A benzene-insoluble 

acetate v-ras also recovered, weighing o. 47 gm., and containing 

39.6; of acetyl groups. The pectin acetate in the mother 

liquor was not isolated. 

ACETYLATION OF FRACTION A-lf 

A 3.0 gm. sample of Fraction A-lf was swollen in 25 ml. 

of formamide over a one hour period, was then heated to 40°, 

and diluted with 50 ml. of pyridine. After being stirred 

for two more hours, the mixture '"'as coo1ed to room temperat-

ure and 30 ml. of acetic anhydride was added in portions over 

a one hour pe riod; the suspension was stirred at this temper-

ature for 12 hours, then at 40° for 12 hours. Then the mix­

ture was poured onto 300 ml. of water and 150 gm. of ice, the 

precipita te washed \vith water, ethanol and benzene, and dried 

in vacuo. Yield, 0.57 gm.; acetyl, 32. 2% . None of the prod­

uct \vas lost by solution in the benzene washings. The mother 

liquor was concentrated to 150 ml. and poured into 300 ml. 

of ethanol. The precipitate was washed and dried as before. 

Yield, 1.64 gm.; acetyl, 19.5%. 

DEACETYLATION OF THE FECTIN ACEI'ATE 

A 2.0 gm. sample of the acetate recovered from the aqueous 
-

mother liquor from the previous acetylation (Ac etate IIIe) was 

placed in a three-neck flask fitted with a nitrogen inlet, a 
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mechanical stirrer, and a dropping funnel. Then 20 ml. of 

acetone was added, and the mixture was stirred for about l 

hour. A part of the material dissolved, and the remainder 

became highly swollen. The system was sv1ept thoroughly 

Hith nitrogen, and cooled to 0°, and 25 ml. of N sodium 

hydroxide solution v!as added dropv'lise. 'l'he mixture was all-

owed to '!..•Tarrn up to room temperature, and was stirred under 

a constant flow of nitrogen for 1 2 hours. Then the product 

\·ras recovered by acidification to pH 2 with 5;; hydrochloric 

acid, followed by the addition of 2 volumes of alcohol. The 

liquid was removed at the centrifug,e , and the ~ectin rediss ­

olved by extracting the precipitate three times vlith 25 ml. 

volumes of a rMaoniurn oxalate solution; reprecipitation as the 

calciur;1 salt and re-solut ion in amrnoniu.l'!l oxalate was r epeated 

three times. The fina l solution vras dialysed a gainst water 

for 43 hours and the non-dialysable solution v:as precipitated 

by pouring into 250 ml. of ethanol containing 5 rrü. of conc-

entrated hydrochloric acid. The pr ecipitate vras redisGolved 

in ammonia, f iltered , reprecipit ated, vrashed four times ,,-.fith 

alcohol, three ti::1e s wi th acetone and three times v.ri th benzene. 

After the residue had been dried under high vacuum for 24 

hours , the yi e ld was 0.67 gm., or 7&,"i of the theoretical, 

based on the uranie anhydride content of the original waterial. 

Ash, 1.33%; uronic anhydride, 84.8%;~]~2 • +226° (c = 0.24 

in Z;~ am mo nia) • 
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DEACEI'YLATION OF THE STARCH ACEI' ATE 

A sample of the benzene-soluble acetate (Acetate IIe) 

vvas dissolved in 75 ml. of dioxane, and the reaction flask 

was thoroughly swept vTith nitrogen. After adding 75 ml. of N 

alcoholic pot as si um hydroxide, the reaction mixture 'tvas 

stirred under nitrogen for 4 hours, the precipitate which 

formed during this time being recovered on the centrifuge 

and returned to the reaction flask. The flask was swept 

again with nitrogen, and then 50 ml. of N sodium hydroxide 

solution was added. The mixture \vas stirred overnight under 

nitrogen, then neutralized 1.-rith glacial acetic acid, and the 

starch precipitated v.Ji th ethanol. After being recovered at 

the centrifuge, the product was \'la shed wi th 7o;; ethanol, and 

dried, first by solvent-exchange with ethanol, acetone,and 

ether, and finally in vacuo over phosphorus pentoxide. Yield, 

l.SS gm. However, this product still contained more than 3% 

of acetyl groups, and the deacetylation with aqueous alkali 

was accordingly repeated. This time, the product, weighing 

1.62 gm. (94~) had a negligible acetyl content. Ash, 1.10%; 

uronic anhydride, 2.90%; [eeJ~2 :+139.5° (c = 0.16 in 1% 

sodium hydroxide solution). 

HYDROLYSIS OF THE STARCH BY ACID 

A sample of the deacetylated starch, 0.19 gm., was made 

into a paste with a few drops of water, and then 20 ml. of N 

sulphuric acid was added. The flask was fitted with a reflux 

condenser and heated at 900 for 12 hours, then at 100° for 3 
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hours more. The insolubl8 material was recovered at the 

centrifuge, washed twice with water, then twice with alcohol, 

and dried under reduced pressure. Yield, 0.015 gm. The 

acidic solution was passed t~nce through an Amberlite IR-4B 

anion exchange column, after which the pH was found to be 

6.3. Evaporation of the effluent under diminished pressure 

left a clear, light brown oil ,, 'ii'Thich did not crystallize 

after drying under high vacuum. A solution of this oil in 

1+ ml. of 1•rater was mixed with 0. 4 gm. of phenylhydrazine 

hydrochloride and 0.6 gm. of sodit~ acetate, and placed in a 

boiling water bath for 20 minutes. The yellow precipitate of 

glucosazone (124) which formed was recovered, washed with a 

little water, and air-dried. To form the osotriazole the 

crystals were boiled for one hour under reflux with 5 ml. of 

water, 0.25 ml. of 0.5N sulphuric acid, 0.15 gm. of copper 

sulphate pentahydrate, and 3 ml. of isopropyl alcohol. The 

resulting solution was concentrated to 3 ml. under a stream 

of air on a steam bath and then cooled to 5°C. The crystals 

which separated were washed with water, and dissolved in 5 

ml. of boiling water. A little Darco was added, the solution 

was boiled for a few minutes, and filtered while still hot. 

After the solution had been allowed to stand at 5° overnight, 

the colourless, long needles were separated and dried. Yield, 

0.015 gm., melting point, 194.5-196°. This melting point was 

undepressed wh en the product l'Tas mixed wi th a sample of gluc­

osotriazole prepared from glucose (125) by the same method. 
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ENZYHATIC HYDROLYSIS OF THE STARCH 

A 0.01 gm. sample of the starch was made into a paste 

\"li th 2 drops of \vat er, and then 10 ml. of boiling water was 

added. Host of the solid went int o solution, while the rest 

became highly swollen. Then 5 ml. of a phosphate buffer 

solution (126) was added, bringing the pH to 5.3. The mix­

ture v-ras heated to 75° in a water bath, and 0.01 gm. of 

amylase (Nutrition Biochemical Corp.) was added. The mixture 

was maintained at this temperature with occasional stirring, 

for 1 hour, before being cooled to 500; another 0.01 gm. of 

the amylase v-Ias added, and the solution was kept at this 

temperature for an hour. After having been kept at 350 for 

12 hours, the solution no lon~er gave any colouration with 

iodine, v-rhereas the original had given the deep blue colour 

characteristic of starch . 

Two volumes of alcohol were now added to t h e solution, 

and the insoluble material was separated at the centrifuge. 

The mother liquor was evaporated t o dryness under r educed 

pressure, the rcs idue 1-ms extracted wi th 2 ml. of wa rm, 7C/fo 

ethanol, and the extract \"las evaporated to dryness. This 

residue was taken up in 0 .1 ml. of water , and a 0.01 ml. 

sample of this solt~ion was studied by paper partition chrom­

atography. Three spots appeared on the developed and sprayed 

paper - a strong one identical in mobility ;,rith maltose, a 

>.veak one corresponding to glucose, and a strong third one, which 

was not identified, but 1vhich had a mobility exactly hal f that 

of maltose. 



INVESTIGATION OF FRACTION C 

BLEACHING :VITH SOiJIUIJI CHLORITE 

119. 

A sample of Fraction C weighing 3 .0 gm. ,,;as stirred ''~ith 

50 ml. of distilled water for 15 minutes, and the pH of the 

solution was adjusted to 4.8 \rith 10% acetic acid. Then 3.0 

gm. of technical sodium chlorite was added to the stirred 

solution in portions over a period of 2 hours, the pH being 

maintained at its initial value by the addition of acetic 

acid as required. After the addition of the sodium chlorite 

was completed, the stirring v~;as continued for 4 hours. To­

wards the end of this period,the mixture became noticeably 

lighter in colour, and the temperature rose to 30°. The 

insoluble material \'TaS collected at the centrifuge and washed 

with 7r:r/o ethanol until the washings gave a negative test for 

sodium chlorite \·Ji th acidified potassium iodide-starch reagent. 

Then the residue was dried by solvent-exchange with alcohol, 

acetone and ether, and finally in a vacuum desiccator, yielding 

0.23 gm. of Fraction C-1, a cream-coloured precipitate cont­

aining 24.5% of ash. The mother liquor from the extraction 

was poured into tvro volumes of ethanol and the precipitate 

collected at the centrifuge, washed wi th 7CY;~ ethanol, absolute 

ethanol, acetone, and ether, and dried in the same manner as 

the water-insoluble precipitate. This treatment yielded 2.04 

gm. of a slie;htly yellow powder, Fraction C-2, containing 10.0% 

of ash. 
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ENZTI·~TIC HYDROLYSIS OF FRACTION C-2 

A 0.2 gm. portion of Fraction C-2 was made into a paste 

"·Ji th a few drops of wat er, and the paste was thoroughly dis­

persed by stirring in 10 ml. of hot water. Follo~ring Pigman's 

directions (126), the solution was heated to 75°, and 0.01 

gm. of alpha amylase \'las added. A few drops of the solution 

at this point imparted a purple colour to a dilute solution 

of iodine in aqueous potassium iodide. After the addition 

of 5 ml. of a phosphate solution buffered at pH 5.2, the 

solution was stirred at 750 for one hour, then cooled to 50°. 

Another O. 01 gm. of amylase li'ras added and stirring c ontinued 

for an hour. Finally, the mixture was cooled to )0°, another 

0.01 gm. of amylase was added, and the solution stirred over­

night at this temperature. Next day, the mixture, which now 

gave no colour with iodine, was diluted with three volumes 

of alcohol, and the precipitate was collected at the centri­

fuge. After dialysis to remove the inorganic material, a 

sample was hydrolysed with sulphuric acid and the sugars 

separated by chromatography. Comparison with a hydrolysed 

sample of the untreated Fraction C-2 showed that there was 

a slight weakening of the glucose spot. The alcoholic liquor 

was evaporated to dryness in vacuo, the residue extracted with 

5 ml. of hot, 75% ethanol and the extract evaporated to dryness. 

The paper partition chromatogram of the residue indicated the 

same three spots as were found after the enzymatic hydrolysis 

of the starch isolated from Fraction A. 



EXAI>HNATION OF THE BARK RESIDUE 

EXHAUSTIVE EXTRACTION OF THE BARK cn:TH ALKALI 

121. 

A sample of t~e bark residue from the large-scale extr­

actions vlith alkali vias e;round to pass through a 40-mesh 

sieve in a Wiley mill, and a 70.0 gm. sample (6.7~~ moisture; 

dry 'l.'leight 65.3 gm.) was extracted with 900 ml. of lOfa caustic 

soda under a nitrogen atmosphere for 3 days at room temper­

ature with vigorous stirring. The liquor was separated on 

the centrifuge and the treatment repeated. The two liquors 

were treated in the usual manner to yield 3.98 gm. of water­

insoluble precipitate and 7.14 gm. of the alcohol-insoluble 

precipitate. The bark was v-1ashed with 200 ml. volumes of 

water until the washings were nearly colourless, 10 washings 

being required. These washings, worked up in the usual 

manner, yielded 1.46 gm. of the water-insoluble fraction and 

3.08 gm. of the alcohol-insoluble material. The bark residue 

'V'las v-mshed wi th 200 ml. of 1% ac etic a cid, twice wi th v1ater, 

ti,rice v..rith ethanol, and then dried in vacuo for 48 hours. 

This procedure yielded 50.9 gm. of product containing 4.59% 

of moisture (dry weight, 48.6 gm.), or 74.4% of the starting 

material. 

CHLORITE BLEACHING OF THE EXHAUSTIVELY-EXTRACTED BARK 

A 21.0 gm. sample of the exhaustively-extracted bark (dry 

weight, 20.1 gmJ 'V'Tas stirred i>lith 1 litre of i>rater until it 

had become thoroughly wetted, and 10 gm. of sodium acetate 1.1as 

dissolved in the suspension. Acetic acid was used to adjust 
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the pH to 4.5, and sodium chlorite (35.0 gm.) was added over 

a period of an hour. -Jhen this addition was complete, the 

reaction mixture was placed in a bath at 50oc., and stirred 

at this temperature for 8 hours. Then the liquid was removed 

on a sintered glass crucible, and the residual bark was 

v.rashed with water u.ntil the vmshings cane through free of 

chlorite. The residue was washed with alcohol, and dried at 

reduced pressure over phosphorus pentoxide for 24 hours. Yield, 

16.2 gm. (15.9 gm. dry 1·rcight, 78.g,.j of the starting weight). 

:SXTRACTIOIT OF THE BLEACHED BARK 'JITH AC~UEOUS Al:I~ONIA 

Anderson (83) reported that a part of the pectic material 

in the various 1.r.roods he studied could only be extracted by 

ammonium hydroxide after chl-orination. An attempt was :nade to 

extract the remaining 3 .03~' ~ of uranie acid in the bleached 

bark residue b~r this sol vent. A 6.0 gm. portion (dry weir;ht 

5. 86 gm.) was stirred for L1- hours at room tem]:.,eraturo wi th 200 

ml. of 2;'~ aqueous ammonia, and then twice iHith 50 ml. volumes 

for 1 hour periods. The bark uas washed with -·mter and ethanol, 

and dried in vacuo overnight. Yield, 5.62 gm. (dry 1•reight, 5.39 

gm.). The arEmonia extract r:tnd 1•rashings vmre combined and 

neutralized to pf 6 with acetic acid. Then 10 ml. of leY; cal-
' 

cium chloride solution was added. A small precipitate was 

formed, 1':hich v1as collected at the centrifuge, washed 1:r.i..th water, 

ethanol, and ether, and dried. Yield, 0.12 gm. A further 

small precipitate was formed on addition of ethanol, but Nas 

not recovered. The residual bark still shov.red 2.04,(, of uranie 
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anhydride. 

IDENTIFICATION OF GLUCOSE IN THE BARI\ HYDHOLYSATE 

A lOO ml. portion of the mother liquors from :.:;he lignin 

determination on the bleached bark re si due 1-1as warmed to 60°C. 

and was treated '.·Ii th solid bari um carbonate until the liquid 

was red to congo red paper. The barium sulphate was separat­

ed at the centrifuge, washed with a little v.rater, and the 

combined liquor and ,,rashings viere evaporated to dryness at 

reduced pressure. The residual syrup Nas taken up in 4 r:ü. 

of water and convcrted to :;lucoEotriazole by the :nethod 

outlined above. Yield, 0.028 gm. Leltinr; point, 195.5-196°, 

undepressed when mixed Hith an authentic sample. 
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SUiv1Iv1ARY AND GLAIHS TO ORIGINAL RESEARGH 

1. The extraction by alkali of white spruce bark which had 

previously be en extracted in suce es si on it\ri th methanol, \'lat er, 

liquid ammonia, and again with v.rater 't'las studied on a small 

scale under various conditions. These extractions indicated 

that a large portion of this material was soluble in dilute 

solutions of sodium hydroxide even when the process was carr­

ied out under very mild conditions. 

') ..... In applying the results of these preliminary experiments, 

two extractions were carried out, each on one kilogram of the 
1 

residual white spruce bark, using two per cent sodium hydroxide 

at room temperature in a nitrogen atmosphere. The extractions 

produced a 't'leight loss of 33.6 per cent in the starting mater­

ial. Three major and three minor fractions totalling .31.6 

per cent of the starting material, or 14.5 per cent of the 

original bark, ·~trere recovered from t he extracts. The largest 

of these, Fraction A, was a dark, water-insoluble amorphous 

solid, amounting to seven point eight per cent of the original 

bark, v-,rhile there were two large water-soluble fractions, 

Fraction G, two point ninety-three per cent, and Fraction D, 

t't'lü point sixt y-nine per cent • 

.3. Fraction A ~.ras bleached 'iri th sodium chlorite at pH four 

point seven and room temperature. A yield of 46.8 per cent 

of a light-coloured, water-insoluble residue resulted, while 

a further ten point eight per cent of material was recovered 
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from the aqueous extracts on the addition of ethanol. Anal­

ytical studies showed that these bleached materials were made 

up almost entirely of polysaccharides based chiefly on glucose 

and uronic acid residues. The presence of polygalacturonic 

acids was sho~m by simultaneous oxidation and hydrolysis to 

mucic acid. 

4. A portion of the pectin was left as part of the insoluble 

residue when the water-insoluble bleached material was extrac­

ted with small volumes of dilute alkali. The presence of 

calcium in this residue indicated that the pectin was present 

in the bark as calcium pectate. After decreasing the calcium 

content by washing the residue with dilute acid, the pectic 

acid was extracted by dispersion in water. Pure pectic acid 

having a specifie rotation of +265° in dilute a~1monium hydro­

xide solution was obtained after several reprecipitations of 

this material, first as the calcium, then as the runmonium 

salt. 

5. Two different acetates were recovered from the original 

bleached fraction after acetylation by the pyridine-formamide 

method. The first of these was insoluble in water, contained 

only glucose units, and had a specifie rotation of +178° in 

chloroform, showing it to be a starch triacetate. This mat­

erial accounted for zero point fifty-five per cent of the 

original bark. A second acetate, l'rhich formed stable disper­

sions in water, was identified as a pectin acetate by its 

uronic acid content. After deacetylation and purification, a 
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pectic acid 1>las obtained having a specifie rotation of +226°. 

A total of one point fifty-six per cent of the original bark 

was isolated as pure pectic acid in these t wo f ractions. 

6. The starch acetate was also deacetylated 1.<Jith alkali to 

yield a starch of specifie rotat ion +136° in dilute s odium 

hydroxide solution. Its identity vJas confirmed by the char­

acteristic blue colourati on 1·Ji th iodine, by a cid hydrolysis 

to glucose, and by enzymatic hydrolysis, using an alpha amyl­

ase enzyme, to a mixture of glucose, maltose and maltotriose. 

7. \l<lhen Fraction C was bl eached vrith s odium chlorit e, a 

crude, water-ins oluble polys accharide was isolated in 66 per 

cent yield. The acid hydrolysate showed this material to 

be based on glucose, xylose, arabinose and uronic acids, and 

t his mixture wa s t her efore s imila r to that encountered by 

Sander son in the a queous extract obtained following the li qui d 

ammonia extraction. No attempt v:as made to resolve the 

bl eached mat erial into pure component s , but an enzymatic 

hydr ol ysis indi cated t hat a t l east part of the glucose was 

present a s starch . 

8 . A further \·.rei ght l oss of 17.0 per cent was ob t ained Nhen 

t he residue f r om the lar ge-scale extra ct i on , described in 

par agr aph ( 2 ) , was exhausti v ely re-extr act ed v1i t h al kali , and 

the total amount extra cted by al kali wa s t her eby increased 

t o 50 . 6 pe r cent of t he wat er-extracted ba r le, or t o 23 . 8 pe r 

cent of the original bark . The rnaterial i solated from the 

extra cts amounted t o 22 . 1.:- per cent of t he ori ginal. :3i ncG a 
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further 1·.reight loss was incurred vvhen the exhaustivcly-extrac­

ted bark Has treated •t.rith sodium chlorite, delignification \'.ras 

still incornplete. The bleached HJ.aterial was shown to yield 

mainly glucose on acid hydrolysis, both by the isolation of 

elucosotriazole, and by paper partition chrornatoeraphy. 
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