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HISTORICAL

An acourate and rapid method for the determination of
hemicellulose both in woody and in succulent tissues is seriously
needed at the presemt time. Such a method is desired by many workers
in such widely different fields as plant physiology, microbiology,
entomology, and animal nutrition. ~The methods now being used, al=
though quite inadequate, will be briefly exemined.

These methods may f'or convenience be considered as of three
types (43):

(1) zstimation by hydrolysis end determination of the reducing
sugars liberated.

(2) Estimation by a determination of the furfural yield with
calculation therefram of the apparent pentosan content.

(3) Isolation and weighing as hemicellulose.

In every method it is necessary to prepare the material for
treatment and to remove interfering substances. In the different
methods various treatments have been suggested in an attempt to in-
sure the complete appearance of hemicellulose in the material finally
determined, and to insure the absence of possible interfering sube
stances.

Each of the three types of procedure will be considered in
turne ©Some of the more recently used methods in each case will be
mentioned and some of the criticisms that have been brought against

each type will be offered.

TYPE 1. Hydrolysis and Determination of Reducing Sugars.

Essentially this procedure involves the hydrolysis of a

sugar and starch-free-residue with dilute mineral acid, followed by



a determination of the reducing sugars produced. The method of
Williems and Olmsted (56) is a commonly used one. They have em-
ployed the Shaffer-Somogyi reagent to determine the total reducing
sugars produced, then fermented & portion using the Somogyi washed
yeast proocedure and again determined the reducing sugars, Hemi=
cellulose (or pentosan) is given as 088 x the non-fermentable re=-
ducing sugare

This calculation is based on the assumption that all of this
non-fermentable reducing material is xylose and arabinose and that
these sugars are entirely non-fermenteble. It is also of necessity
based arbitrarily on a fixed ratio of xylose to arabinose, and be=
cause of a difference in reducing powers of these two sugars, will
consequently involve some error should they be formed in a different
ratioe

It has been shovm by Malhotra (30) that results may be ine
fluenced by conditions of hydrolysise. Thus the concentration of the
acid, the amount of the acid solution, and heating conditions may
affect resultse This makes any method of this type purely arbitrary.

Considerable differences are found among different workers
in treatment of the material bei'ore hydrolysis. In some cases, (57)
(22), (1) , and extraction hes been made with diethyl ether to re-
move fats. In all cases the soluble sugars and starches are removed,
Ethyl alcohol is commonly employed to remove sugars but the ratio of
weight of solvent to weight of material varies with different workers,
Starch has been removed by enzyme digestion using buffered takadi-

astase (58), pancreatic amylase digestion in buffered-bile salt sol-

ution (22), (56), (57), or salive (30), (31)e



It wes observed by O'Dwyer (41) that a hemicellulose pre-
paration on treatment with takadiastase was 8plit up into two
polysaccharide tractionse Thus it would seem that care should be
taken to cheock the activity of enzyme preparations used in this
work.

In one study in which hemicellulose was determined in three
yeer old apple and pear twigs, and in six month old spinach and to-
mato plants by a method of this type (29), it was found that a 60-
mesh or finer material was required to give uniform results. It
wes also shovn that samples of 3.0 to 4.0 grams gave more satise
factory (higher) results than either smaller or larger ones. It
wes suggested that weighing errors are more serious with smaller
samples, and that a large excess of reagents with small samples might
cause undesirable destruction of materials while the same quantity of
reagents is commonly used with the larger samples where it is possibly
insufficient to completely reect with the whole of the material,

In addivion to these factors which have been shown possibly
to inf'luence results in methods of this type, there are certain funde
amental objections:

(1) Certain hemicelluloses form comparatively resistent aldobionic
s.cids which ere decomposed only by treatments which cause degrading of
some non~hemicellulosic materials.

(2) Uronic acids heated with mineral acids form degradation proe
ducts of unknowvm composition and of indefinite reducing power,

(3) The final calculation results in an approximation to the true
hemicellulosic material only because the reducing value must be exe

pressed as apparent glucose (or xylose) although it is known to be due

to a mixture of sugars,



TYPE 2, Determination of the Furfural Yield.

The methods following this type of procedure are based on
the work of Tollens and co-workers (53), (32)s The material is
boiled with 12% HCl and the furfural produced is collected by allow=
ing the vapors to distil over and pass through a water condenser,

Various methods have been used to determine the amount of
furfural produced. The most commonly used method, and that adopted
by the A.0.A.Ce, is to weigh the phloroglucide. Colorimetric methods
have been proposed by Youngburg and Pucher (b9), Hughes and Acree (24),
and by Reeves and Munro (40)e These methods have been proposed in
attempts to obtain a more rapid estimation of furfural and greater
accuracy in the estimation of small amounts of furfural. They have,
however, not yet been proven of satisfactory reliability, and require
careful attention in the preparation of calibration curves, The last
of these (the Reeves and Munro ' method) does not require the distile
lation of the furfural from the residue of the substance which yields
it, but rather involyes its separation in a xylene layere. ‘This method
has not yet been shown to be applicable to different plant materials,

The most serious criticism of the methods of this type is,
however, not in the estimation of the furfural produced from the sample,
but rether in the way this furfural represents the hemicellulosic mate
erial in the plante The pentoses present in hemicellulose are reported
to yield only furfural when boiled with HCl (through splitting off three

molecules of water), and the uronic acids to yield one molecule of coz

and one of turfurale. Thus these parts of the hemicellulosic material

may be estimated, although variable ylelds make even these estimates



somewhat inaccurate. There remains however, the hexosan part of
hemicellulose which is not estimated, and the amount of this fraction
seems to vary so widely that it would require a separate and detailed
study of the composition of the hemicellulose to establish any meas=
ure of the extent of the error here introduced. %his error will be
generally greatest in the estimmtions of hemicellulose from non-woody
tissues ior these have commonly a higher hexose (galactose) content
than woody tissues,

For the pentosan and polyuronide constituents of hemicellulose
this type of analysis is however fairly satisfactory. The soluble
sugars and then the pectic substances are removed. The total fure
fural yield on the residue is corrected for a small yield of furfural
from the cellulosan in the Cross and Bevan cellulose fraction, and the
result is taken to represent pentosans and uronic acids. The method
is appliceble (and is used as a routine test) on wood material where
the hexose content of hemicellulose is lowe Sometimes the uronic acid
content is determined by measuring the COg produced. Several methods
(37), (15), also based on the work of Tolilens and co-workers (b3), (32),
have been used for this.

It must be remembered however, that because of the variable
yields mentioned above, even the pentosans are not fully accounted for
in the furfural yield. Neither is the theoretical yield of furfural
obtained from pentoses, nor do the individual pentose sugars give iden=
tioal amountse Kréber (2b) constructed detailed tables for the fur-
fural to be obtained from pentoses and pentosans, the latter figures

being the mean of those given for araban and xylan. %Thus even from
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pentosans, unless the exact nature of the groups yielding the fur-
fural is known their estimetion by this method can be only an approxi=
matione

A further error is suggested by work of Freudenberg and Harder
(18) which showed that lignin, when subjected to the pentosan deter=
mination, liberates formaldehyde which forms a precipitate with phloro=-
glucinole Thus the lignin present in a semple might cause the apparent
pentosan to have a higher wvalue than is correcte It would seem that
this error might be greatest in the estimation of hemicellulose in
woody tlssues because of the higher lignin content generally in these
tissues,

Drying of samples has been shown by Campbell and Booth (13),(14),
to cause a reduction in furfural yield in both hardwood (English oak)

and softwood (Silver fir),

TYPE 9o Isolation and Weighing as Hemicellulose.

In this type of procedure an attempt is made to extract (with
an alkaline reagent) the hemicellulose in a form that shall be as free
as possible from any interfering substance, then precipitate and weigh
this producte Corrections may be applied for impurities still present.
Normen (38, p.o4) says that the actual preparation and weighing is a
somewhat tedious process, "but with certain modifications may be the
most satisfactory meens of obtaining a figure for hemicellulose cone
tent."

The discussion of this type of procedure falls into four sections,

(1) The Removal of Interfering Substances. Hers will be considered

some of the attempis that have been made to prepare the sample
for the hemicellulose extractione
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(2) Extraction Methods. Many veriations of method have arisen
through attempts to develop an extracting technique which
would avoid if possible the removal or degradation of none

hemiceilulosic materiais while still giving complete removal
of hemicellulose.

(3) Holocellulose Preparatione By this means it is suggested
that the lignin as an interfering substance may be removed
while the hemicellulose is at the same time made more easily
extractable,

(4) Some Comments on this 'ype of Procedure.

(1) The Removal of Interfering Substances. The main inter-

fering substances that workers have attempted to remove before ex-
traction of hemicellulose are: sugars, starch, pectic substances,
proteins Qnd fats. In that method which involves the preparation of
holocellulose an attempt has been made to remove lignin completelye.
This is to be considered separately.

An extraction with water is commonly usede. This will remove
sugars, and, if hot, will be effective in the removal of starch, some
pigments, end some proteins. Anderson and Krznarich (2) report that
unless there is an extraction with hot water some starch will appear
in the hemicellulose, There is generally also an extraction with
some organic solvent which assists further with the removal of sugars,
pigments, proteins and fats. fThus Phillips and Davis (44) reflux with
& constant boiling mixture of ethyi alcohol and benzene for thirty hours,
Anderson and co-workers (b) use diethyl ether and hot ethyl alcohoi,
and Krznarich (26) uses acetone and ethyl alcohol. Extractions with
(NH4)2 C50, &re commonly used to remove pectic substances. Attempts
heve been made to remove a part of the lignin with dilute alcoholio
Ne.OH, ©e¢Ze., Pnillips and Davis (44)e Normen (38, peb7) cautions that

this pretreatment should not be carried out unless it is previously
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asoortained that no ochange in hemicellulosic materials is causede
He points out that, "if carried out at the boil this treatment
seems to produce on many materials a degradative attack on the

hemiceliuloses, both polyuronide and cellulosan".

(2) Extraction liethods. The technique of extracting

hemicellulose with alkaline reagents commonly employs NaOH but the
concentration, time and temperature vary with different workers.

*hus Anderson and Kinsman (1) extracted with 7% NaOH on a water

bath for two hours; Burkhart (11) used 6% NaOH at room temper=
ature in a shaking machine; Buston (12) used portions of 4% NaOH

for several days at room temperature; MacMasters, Woodruff and Klaas
(28) extracted with 2% Na, CO5 on a steam bath for four hours, gave

a short exposure to dilute hypochlorite and then extracted twice with
0e¢5% NaCH, first on a steam bath for thirty-five minutes, then at
room temperature for eighteen hours; O'Dwyer (42) using mechanical
stirring exvracted twice with 0.2% NaCOH for four howrs and fortye=
eight hours respectively, then twice with 4% NaOH for forty=-eight
hours each; Preece (4b) employed 4% NaQH first in the cold for two
extractions of forty-eight hours each, then on a water bath for five
extractions of 8ix hours each, and finally refluxed for one extraction
of one hour.

These many different techniques have been developed to mine
imize inmoouracies due to the fact that when the extracting procedure
is sufficiently vigorous to give an approximately complete removal of
hemicellulose a danger arises that cellulosan material will also be ex-

tracted and that preparations will be contaminated with lignine It is
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relevant to this problem that Reid et. al. (47) found another
alkaline reagent = hot monoethanolamine - to be very satisfactory
for the determination of cellulose "particularly for fibrous farm
wastes™. No other record was found of attempts to use this re-
agent for the extraction of hemicellulose,

It has been recognized that extraction procedures are made
more difficult becauss of the fact that a portion of the hemicellu-
lose is probably associated or combined with some other cell-wall
constituente Thus in 1931, Preece (4b) made a distinotion between
what he called "free" and "combined" hemicellulose, the difference
being exhibited in their ease of extractione And in 1934 Harris,
Sherrard, and Mitchell obtained evidence which suggested the exist-
ence of a hemicellulose = lignin complex.

Some workers, e.g., (50), (9), (28) have attvempted to break
this suggested bond by oxidizing the lignine. Commonly chlorine or
hypochlorite have been used for this purpose, & portion of the hemi-
cellulose being extracted before and a further portion extracted after
this treatmente. In one case (4) bromination has been reported more

satisfactory than chlorination to free a hemicellulose preparation of

lignine

(3) Holocellulose Preparatione This method which attempts

to remove lignin before the hemicellulose is extracted, differs con=-
siderably from the other methods of this type. The lignin-free pro-
duct, called holocellulose, it is stated, "may be taken as representing
virtually all polyuronide hemicelluloses together with natural cel=-

luloB86 eceessecrsce and eesecsens -:iowould- seem to be an ideal starting
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material for hemicellulose investigationseeeee...Norman (38,pp.20, 58).
Ritter and co-workers (27), (48), (b4), (55), (30), have
been the leaders on this continent in the preparation of this materiale
In 1933 (48) and 1934. (27) procedures were developed to extract lignin
from ethyl alcohol=-benzene and hot water - extracted hardwood (maplse)
and softwood (spruce) by alternate extractions with Clp and an ale-
ocoholic solution of pyridines The hardwood extract could be bleached
white with the complete removal of lignin by CalClze . There was,
however, a loss of hemicellulose when this was done with softwood so
it was omitted and the residue contained a trace of lignine
In 1957 (b4) end 1938 (v5), alternate extractions with Cl,
and 5% monocthanolamine in 99j% ethyl alcohol greatiy reduced the tGime
required and also provided a sharp color end point for the extraction
of lignine. This material has been used (36) as a source of hemi=
ceilulose. The latter was obtained in four fractions by successively
extracting the holooellulose with boiling water, with 2% Neos CO3 in
the cold, with 4% Na(H et room temperature, and with boiling 1l0% NaOHe.

(4) Some Conments on This Type of Procedure. Certainly the

methods now in use are too lengthy to be satisfactory for routine worke
the use of other alkaline extracting agents as was suggested by the

work of Reid, et. al. (47) might offer means of improving present

methods .

Nevertheless it seems necessary to use mild extractions,
Normsn (38 p.bﬁ)'states, "hen extraction is performed with cold ale
kali the amount of cellulosan removed is probably smeil compared to
the polyuronide. On the other hand, hot alkali undoubtedly pro=

duces an extensive removal of cellulosan accompanied by the less



resistant hexosan from the cellulose", Methods such as tchose

of Phillips and Davis (44) have in this respect much value, but
the times involved make them impractical for many purposese Vige
orous agitation during extractions would seem to offer a means of
reducing the times required for these steps and possibly also to
reduce the number of extractions needed. the use of & centri=-
fuge would seem aiso to be valuable in some cases to reduce the
time needed to separate extracts trom residues.

Lignin presents a great problem, both in pretreatments for
removal of possible contaminating materials, and in the freeing of
hemicellulose to permit its complete extractione The value of al=
coholic NaOH as an agent for removal of lignin prior to the ex=
traction of hemicellulose is not well established. Norman has been
reported above cautioning against the use of a hot extraction, and
he states (38, p.b7) that "alternatively, if performed cold, this
treatment is peculiarly ineffective as & delignifying agent, though
a useful purpose may be served in the removal of a portion of the
protein", Phillips and Davis (44) however, report the removal of
lignin amounting to 8.2% of a ethyl alcohol-benzene, water, and
(NHg)2 C204 extracted sample of altalfa hay or 5.0% of the ethanol=-
benzene extracted hay by three extractions, each consisting of
covering the material with dilute alcoholic NaOH for 24 hours and
stirring occasionallyes The removal of lignin would seem more cer-
tain in the preparation of holocelluloses However to make this a
part of a procedure for the estimation of hemicellulose, it would
need to be shown definitely that no hemicellulosic materials are

removed in this step. No record was found of this having been done,



Some means of removal lignin seems nevertheless to be
necessury to permit complete extraction of hemicellulose. Nore-
men (38, p.o2) states, "Recognition of the existence of a hemie
cellulose~lignin camplex will make preparatory work simpler in
that the purpose of the initial treatment must be the rupture of
this association which may be brought about not only by treatment
with alkali, but by chlorination or oxidation of the lignin and
probably by other means yet to be devised™. Before adopting any
procedure designed to remove lignin and so to free hemicellulose,
it would seem necessary to ascertain the effect of this treatment
on the non-lignin materials., Possible destruction of hemicellulosic
materials or conversion of cellulose to a form that would be esti=
meted with hemicellulose would have to be investigatede Although
chlorination treatments have been used, their effects do not seem
to have been fully studied.

O'Dwyer (40) has reported that the drying of wood materials
may affect the hemicellulose extractable by 4% NaOHe This effect
was so great as to give only b0% of fresh material yield if wood
were dried in an oven at 10U°C. Reference was made above to a de-
crease in furfural-yield from wood as a result of drying, (13), (14).

If the hemicellulose after extraction is to be estimated by
precipitation and weighing some care should be taken to ensure come
pleteness of precipitation. Angell and Norris (6), (7), showed that
different hemicellulose preparations could have different optimal pH's
for their precipitatione Norris and Preece (59) considered precipie

tation of hemiceliulose to be complete atter acidification and addition
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of one volume of acetones Phillips and Davis (44) obtain a further

precipitate on the addition of one volume of 95% ethyi alcohol to

this filtrate,



EXPER IMBNTAL

The experiments whioch have been carried out were de=
signed to give further information regarding certain possible
means of improving the methods of estimating hemicellulose by
its isolation and weighinge Specificeily these experiments studied:

(1) The use of mono®thanolamine as an extracting agent for
hemicellulose.

(2) The extraction of hemicellulose by vigorous agitation with
b% Ne(OH following attempted removal of lignin
() with alcoholic naOHe
(b) by preparation of holocellulose.

(5) rhe eftect of alternate extraction with 4% NaOH and brief
exposure to chlorine.

(1) The Use of lionoethanolamine as Extracting Agent.

Following the method of Reid et. ale (47) in the determin-
ation of cellulose in fibrous agricultural wastes, a sample of oat

straw was extracted with monoethanolamine and & "crude cellulose®

obtained as the residue.

This oat straw semple had been collected immediately after
threshing and ground in a Wiley mill to pass 40 mesh. A small portion
of the straw that was not reduced to 40 mesh size, but passed repeat-
edly through the mill, had been discarded. This smounted to 7.7% of
the total weignt of the tresh straw (i8u grams)e The whoie of the
meterial passing the 40 mesh sieve was saved and constituted tne

sempie of oat straw used throughout this work.

The monoethanolamine had been redistilled and only that portion

boiling 170° =173° C. was used in these experiments.



An all-glass reflux apparatus was used which consisted
of a 2560-mle Erlenmyer flask fitted through a ground=-gless joint
to a water condenser,

Filtering was very slow with a 1-G-5 Jena fritted glass
crucible but proceeded satisfactorily with the 1-G=2 filter,

From two samples of oat straw the crude cellulose obtained
was 48.0% and 48.4!, of the air-dry sample. The pentosan content of
one of these as determined by the method of A.0.A.C. (35) was 24¢3%
of the crude cellulose sample, This represented 11.6% of the original
eir-dry sample of straw,

It must be noted here that the A.0.A.C. procedure reccrmmends
the use of a 300-ml, distillation flaske Such & flask was not readily
availeble and these determinations, during the first part of this work,
were carried out with the use of a 260-mle. flaske

The elpha=cellulose content of the second crude cellulose
semple was found by the method of Bray (10) to be 73.8% which re=
presents 3b.8% of the original samplee.

Reid et. al. give no values for analysis of oat straw by their
method but report for rye straw es follows: crude cellulose 50.67%,
pentogan in crude cellulose 540%, alpha=cellulose in crude cellulose
69.7%, end alpha-cellulose calculated on original material 35.3%.
They conclude that the use of hot monoethanolamine es e reagent for
the determination of cellulose in fibrous farm wastes was "found to
be very satisfactory". Their crude cellulose fractions, correoted
for ash, compared favorably with those of the Cross end Bevan, and
Normen - Jenkins methods, and they report that "the precision™ of

their method was equal tc that of the Cross and Bevan method,
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The advantage they claim for their method over the other methods
is in the saving of time and effort,

It is noticed that their reported values for rye straw
are similar to the values here obtained for oat strawe. The main
difference lies in the lower value found for the pentosan content
of the crude cellulose prepared from oat straw. It was considered
however, that even this pentosan content wes relatively high and in-
dicated that a considerable portion of the hemicellulosic materials
were not extracted by this reagent.

The &ficiency of 4M aqueous monoethanolamine as an extracting
agent was then studied. A portion of the ground oat straw sample
described above, was pretreated as follows: dried in an oven at
105°C., extracted in a soxhlet with constant-boiling ethyl alcohol=-
benzene mixture for thirty hours, washed on & filter with alcohol,
dried at 105°C., extracted with hot water (ten times the weight of
the sample) by refluxing for three hours, then extracted twice with
045% (MHy), C50, by refluxing for one and one-helf hours each time,
and finally washed with water on a filter and dried at 105°C. The
loss in weight of the eair-dry straw wes followed by welghing the res-
idue each of the three times it was dried in the oven at 105°C. The
initial air-dry weight, and the three oven-dry weights are respectively:
70.0, 6543, 603 and 55.5 grams.

Extractions with the 4M monoethanolamine were carried out on
two-gram semples with fifty ml. of extracting solution in the same
all-glass refluxing apparatus that had been used previously for ex-
tractions with the undiluted monoethenolamine. The flasks were here

heated on wire gauze pads over fleames instead of in an oil bath as in



the previous experimente A few drops of caprylic alcohol were
added to prevent foeming.

To determine the efficiency of removal of hemicellulose
three samples were given successive half=hour extractionse The
first sample received one of these extractions, the second received
two, and the third three. After each extraction the mixture was
filtered (Jena 1-G-2), washed with water and the residue then re-
turned to the flask for the next extraction, or, if after the last
extraction, the residue was saved for a pentosan determinatione The
pentosan contents of the residues(calculated to & percentage of the
pretreated sample) were respectively 22.1%, 20.8%, and 20.6%.

An attempt was made to precipitate and weigh the hemicell=-
ulose removed in each of the six extractions. The precipitation
was effected by acidifying with acetic acid and adding one volume
of acetone (39), but filtration was found to be very difficulte.
Gooch orucibles soon became clogged and even with diatomaceous earth,
filtration proceeded so slowly as to be impractical,

A third study of the action of monoethanolamine was made on
a sample of straw following a pretreatment with a solution of urea
(tried here because it has had some use as a depolymerizing agent).

A ten=-gram sample of the original 40-mesh oat straw was treated as
follows: dried at 1Ub°C., extracted in a soxhlet with a constant=
boiling mixture of ethyl alcohol and benzene for thirty hours, washed
on a filter with alcohol, dried at 105°C., extracted by refluxing with
41 urea solution, weshed on & filter with water, dried at 105°C., then

a portion extracted by refluxing with 4M monoethanolamine for one half

. 4150
hour period, washed with water and dried at 105°Ce.



The amounts of material extracted in each treatment were
checked by weighing after each of the times the residue was dried
in the ovene. These weights caloculated to the basis of 100 grams
of oven-dry straw are respectively: 100, 94, 79, and o4 grams.

The pentosan content of the residue was 22.5% of the oven-
dry weight of sample taken for the monoethanolamine extraction. This
would indicate that the etiiciency of extraction of hemicellulose is
no greater than in the preceding experiment.

A ochange in technique of weighing the precipitated phloro=
glucides was made in this last pentosan determination and the changed
technique was used in all subsequent determinations, The black pre=-
cipitate quickly forms cracks if allowed to become dry in washing or
filtering. This mekes subsequent washing ineffective. To eliminate
this danger and to improve the speed of filtering the Gooch crucibles
were prepared with approximately two grams of a diatomaceous silica
product "Dicalite" (MoArthur Chemical Company, Ltd., Montreal) above
the asbestos pade In addition a weighed one-gram portion of the same
material was added to the precipitate in the beaker and was washed
with the precipitate into the crucible. This was found to make filtering

more rapid and to entirely prevent any cracks forming in the precipitate

when the crucible was sucked drye.

(2) (a) The Use of Vigorous Agitation with 5% NaCH Following

Attqufgd Reroval of Ligpin with Alcoholic Na(OHe

The method employed by Phillips and Davis (44) in the extraction
of hemicellulose from alfalfa hay seemed sufficiently mild to ensure com=
paratively slight contamination of the product with materials of celle

ulosic origin. and ciaimed the removal of a large amount of lignin by a
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treatment that was likewise milde. This latter feature seemed to
indicate lessening the danger of contamination of the final pro-
duot and to offer an opportunity for very complete extraction of
the hemiocellulosic materials, The method required, however, ten
extractions each for twenty-four hours after the material had been
ground and extracted for thirty hours with an ethyl alcohol=-benzene
mixture,.

Experiments were oarried out to determine the least time
and nmumber of extractions that, with vigorous agitation, would be
required to reduce to a minimum each of the following:

(1) Pectic substances, by extracting, with 0.5% (NH4)2 C504 solution
at 8500 ®

(2) Lignin, by extracting with the dilute alcoholic NalUH used by Phillips
and Davis (44).

(3) Hemicellulose, by extracting with 5% NaOH.
The preliminary experiments were carried out on a sample of clover and
later tests were made on a sample of turnip tissue.

The clover used was a sample of red clover containing about
1 - 2% timothy. It was cut in the early bloom stage and ground in a
Viiley mill. The whole of the material passing a 40@-mesh sieve was
saved and used as the sample in the following worke Of the total sample
taken for grinding (504 grams) a quantity (8.9 grams) was not reduced
to 40-mesh size after passing through the mill three times. This portion
was discarded.

The turnip sample we.s taken after three months storage in a

root cellar. The whole turnips were washed, freed of smaller roots
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and all green portions removed from the crowne Any turnips showing
brown-=heart when out through were disoarded. Healthy turnips thus
prepared and selectsd were sliced and passed through a food chopper.
A total sample of 1800 grams of turnip was thus finely chopped. The
whole of this was immediately placed in hot ethyl alcohol, refluxed
for forty-five minutes, and after cooling, filtered on a Blichner.
The amount of alcohol used here was such that the final concentration .
(assuming turnips to contain 92% water) would be 70% by weightes <The
extracved turnip efter filtering, washing with alcohol and drying at
105°C, weighed 90.7 grams, thus representing b.04% of the original
turnip sample. This dried material was ground to pass a 40-mesh
sieve and was stored in a glass-stoppered bottle,

In all these experiments in which vigorous agitation was
used to facilitate extraction, the stirrer employed to bring about
this agitation was a "Noe. 22, Gilchrist model™, manufactured by
Hamilton Beach Mf'ge Coe, Racine, Wisce, UsS.Ae It is the type of
stirrer which is used at soda founteins in making ice=cream drinks
and which was adopted by Bouyoucos for soil extractions. The metal
solution-container provided by the manufacturer was replaced in this
work by a tall-form 500-ml. pyrex beaker. To further avoid contact

of solutions with metal, the stirring rod was covered with a tightly=-

fitting rubber tube.
For preliminary experiments a portion of the ground clover

sample was extracted in a soxhlet with constant boiling ethyl alcohol-

benzene mixture for thirty hours. It was then filtered, washed with

alcohol and dried at 55°C. The clover lost in weight 32.2% of its

air-dry weighte.
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To determine the extraction necessary to reduce to a
minimum the content of pectic substances, a 0.5 gram sample of
this pretreated clover was extracted with stirring for successive
ten-minute periods with 150 ml. of 0.t (Miy)p C20, at 85°C.
Following each extraction period the mixture was filtered (Jens
1-G=2 and Pyrex glass filtering crucibles style 30 C), the pectic
content of riltrate estimated by method of Fellers and Rice (16),
and the residue returned to the beaker for a further extractione
In these tests four successive extractions were given. The amounts
of pectic substances removed after the second extraction were very
small, It was decided to use one extraction period of one-half an
hour followed by one for ten minutes under these conditions 1in the
next tests,

To determine the amount of extraction necessary to remove
a maximm of lignin, the sanmple previously freed of pectic substances
was now given successive ten minute extractions with the alcoholiec
NaOH solution at room temperature with similar agitatione After
each extraction the filtrate was exanined for lignin content and the
residue returned to the beaker for the next extractione To estimate
the amount of lignin extracted, one-third of the filtrate, i.e. 50 ml.,
was treated as described by Phillips and Davis (44¢) to the point of
precipitating the lignin by acidifying after removal of the alcohol
at reduced pressure. This precipitated lignin was here separated
from the filtrate in a 15 ml. centrifuge tube, and the amounts from
different extracts compared as in the Fellers - Rice procedure for
pectic substances. Again four successive extractions were made and
it was found that after the second there was only very slight re-

moval of lignine It was decided on the next test to use one extraction
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for one-half an hour followed by one for ten minutes,

Since only one-~third of these lignine-containing filtrates
had been used to estimate the lignin extracted, there remained approx=
imately 100 ml. from each of the four extractions. 7These were com-
bined, evaporated to dryness on a water-bath and the residue was dis-
tilled with 12% HCle No furfural was found in the distillate, This
was taken as an indication of the very slight effect this treatment
has on the hemicellulose material,

There remained then to determine the extraction required
under these conditions to remove as oompletely as possible the hemi=-
cellulosee This information was sought by extracting the residue from
the last alcoholic NaOH treatment suoccessively for ten-minute periods
with 150 mleportions of 57% NaOH. Following each extraction the mix-
ture was filtered on a small Bachner fumnel and the residue washed
with water but the washings not added to the filtrate. The residue
was returned to the beaker for the next extraction and the filtrate
was analysed for hemicellulose content following the method of Phillips
and Davis but adapted to the centrifuge tube technique previously em-
ployede. In this, two $-ml. aliquots of the filtrate were placed in
each of two 1lo-mle centrifuge tubes, acidified with a small amount of
glacial acetic acid, 4 ml. of acetone and & mle of 95% ethyl alcohol
added., The amounts of hemicellulose separating out were then compared,
The duplicates checked closely and added to the reliability of the com-
parisons, Six successive extractions were made and each extract showed
that & further, although smaller, amount of hemicellulose was being ex-

tracted each time,

After the sixth extraction, the residue was dried in an oven

at 105°C., and then its pentosan content was determined. It was found
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to contain 7.4% pentosan, or an smount representing 2.5% of the
original weight of the sample. This pentosan content expressed
as a peroentage of the original sample is possibly low because of
the great number of filtering and tvransfer operations each of which
would involve some mechanical loss.

It should be noted here that the A.0.A.C. procedure being
followed 1n these pentosan determinations requires that the pre-
oipitated phloroglucide be dried four hours at the temperature of
boiling watere In the earlier determinations this drying was carried
out in a hot water ovens In this determination and in all following
pentosan determinations drying was carried out in a gas-heated oven
which was regulated to & tempersture range of 94° - 97° ¢.

As a second test of this procedure two samples, one of

clover and one of turnip tvissue, were extracted in turn with (NH4)2

0204, alcoholic NaQOH and b% NaOH. Since it was considered that

ultimately, an attempt might be made to precipitate and weigh the

hemicellulose extracted, it was thought advisable to choose for this
experimental work & size of sample that should yield an amount of
hemicelluloss suitable for weighing. From the hemicellulose content
of Aifalfa hay reported by Phillips and Davis (44) it was considered
that a five-gram sample of ethyl alcohol-benzene extracted clover
would probably give 0e3 = 0¢5 grams of hemicelluloses From the anali-
ysis of rutabagas given by Holland and Jones (25) it was calculated
that a four-gram sample of ethyl alcohol=extracted turnip would probe
ebly give a similar amoumt of hemicellulose. Accordingly, & five-gram
sample of the ethyl alcohol-benzene extracted clover and a four-gram

sample of the ethyl alcohol-extracted turnip were agitated twice with
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(NHyq)p C204 at Bﬁob. for periods of one-half an hour and ten
minutes, then extracted twice with alcoholic NaOH at room temp=
erature also for periods of one-half an hour and ten minutes,
and finally extracted with b% NaOH at room temperature for four
periods of fifteen minutes eache

It was round that, because of swelling due to the starch
content of the turnips, the volume of (NHg)2 C204 and of the al=
coholic NaOH solutions had to be increased to 200 mi. Otherwise
150 mi. of extracting solution was used in each case. It was con-
sidered necessary however to occasionally wash down with a fine
stream of extracting solution (from a wash bottle) a ring of material
that adhered to the flask at the surface of the solution,

It was also found that it was almost impossible to filter
the turnip materialse To facilitate this separation these mixtures
were centrifuged. The clover mixtures were found to be also more
easily separated by this means so that centrifuging replaced entirely
the filtering methods used in the first test, The extracting solutions
were then kept to such a volume that they could each be washed com-
pletely into one 250-mi. centrifuge cupe Since washing was found to
be important, each residue was shaken in the centrifuge cup with 100 cc
of the solution with which it had just been extracted, and then separated
again by centrifuging.

The efficiency of the removal of pecotic substances and lignin
were again checked as in the first test. It was found that in each
cese the first extractions removed large amounts and that washing of
the residues after the first extractions was effective in removing

further eppreciable quantitites. The second extraction however re-

moved relatively little of either pectio substances or lignin. It
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was considered advisabie nevertheless to c ontinue the procedure
of making the two extractions,

The completeness of removal of hemicellulose was measured
by determining the pentosen content of the residues., The clover
residue was dried at 105°C. and the pentosan remaining was found
to be 9.8% of this oven dry weight. It was not possible to express
this pentosan on the basis of the original sample because of a loss
that had occurred in centrifuging at one point. The pentosan re-
maining in the turnip r esidus amounted to 449% of the original sample,

A study was made of the precipitation of hemicellulose from
the combined olover extracts and from the combined turnip extracts,

It was found that when acidified to & pH 45 = beU the precipitation
was for each solution as complete as could be obtained at either higher
or lower pHe It was found also that one volume of acetone and one
volume of alcohol added to the acidit'ied extract gave as complote pre-
cipitation from each solution as could be obtained by tfurther additions
of alcoholi or of acetone,

In an attempt to learn if more complete removal of hemi-
cellulose were possible, a third experiment was carried oute Two
four-gram samples of turnip were given the same extractions for pectic
substances and for lignin as were given in the preceding experiment and
were then extracted with 5% NaOH, one receiving a single four-hour
extraction and the other receiving two two-hour extractions.

For a measure of the completeness of removel of hemicellulose
the pentosan content of each residue was uetermined. It had been found
in the last pentosan determinations that the turnip sample had a great

tendenoy to foem in the distillation tlask (250 ml.)e This could not be
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easily controlled by the use of caprylic alcohol because
this material soon distilled off. For these determinations
500 ml, flasks were used and foaming was much less trouble-
somés In all future pentosan determinations the distillation
flasks were of 500 mlscepacitys In these determinationa, the
furfural yield indicated that after the single four-hour extraction
the pentosan oontent of the residue was 2.6% of the sample,

The NaOH extracts were treated as had been found most
satisfactory in the preceding experiment for the precipitation
of the hemicellulose. The precipitates were separated and washed
(with water) by centrifuging. They were then washed with water
into platinum dishes. The water was evaporated and the precipi-
tates dried in an oven at 96°C, The amounts of hemicellulose ob=-
tained were 5.5% and 9.9% of the original samples from the single
four-hour and the two two-hour extractions respectively. It is
believed that these results may be in error because of the washing
with watere. It is noticed however, that they are consistent with

the values obtained for residual pentosan although the agreement

i3 not exacte

Thus s Hemicellulose | Pentosan
weighed remainin
The one four-hour extraction 4.,0% 5¢5% ELﬂ
The two two-hour extraotions | 246% 949%

As a further test of the possibility of removing hemi-
cellulose using 5% NaOH with vigorous agitation, an extraction was

carried out at a higher temperature. A four-gram sample of ethyl
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aloohol extracted turnip was treated with (NHy); Cp0, and with
alcoholic NaOH as in the last experiment, then it was given two
two-hour extractions with 5% NuGH at 60°C, The furfural yield of
the residue indicated the presence of pentosans amounting to 1.3%
of the original sample, The extracted hemicellulose was precipi-
tated as before but was lost in an attempt to estimate its nitrogen-
content by the method of Pregl (49),

(2) (b) The Use of Vigorous Agitation with 5% NaCGH Following

e A N QI -

Attempted Removal of Lignin by Preparation of Holocellulose,

In a first experiment holocellulose was prepared from a
two-~gram sample of alcohol-extracted turnip by the method of Van
Beckum and Ritter (55) and this was given two two-hour extractions
with 5% NaOH. The pentosan remaining after these extractions amounted
t0 348% of the original sample,

Some diffioculty was encountered in preparing holocellulose
from this materials, When wet with water the swelling of starch caused
the formution of a gel=like mass so that washing was very slow on the
filter. To facilitate filtering first sand was added to the sample
on a glass crucible (Pyrex style 30 C )e This sand was "Ottawa sand"
which had been washed with acid and with alkali., A further attempt
wes made to aid filtering by transferring the sample to a small Buch-
ner funnel where it was filtered through a piece of muslin placed
over a piece of filter paper. The use of this muslin however causes
e loss of some material when the holocellulose is to be transferred
to the beaker for extraction with Na(OH. The time required still seemed

excessive, for to complete onoe the chlorination and extraction treat-

ments required one hours
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During this extraction, if the washings were allowed
%o acounulate in the suction flask a white flocculent precipi-
tate formeds It was feared that a part of this might be some
hemicellulose removed by the action of monoethanolamine and
precipitated from the alooholic acid solution in the flaske It
is shown below that a removal of hemiocellulose actually did ocour,

For the oomplete removal of lignin as indicated by the
residue remaining white following chlorination and addition of
hot solvent required five extraction treatmentg.

A second experiment involving this holocellulose=pre=-
paring technique was ocarried out by first removing peotic sub-
stances (two extractions with agitation at 85%°%.as above) and the
preparation of holocellulose from this pectin-free materiale. The
hemicellulose was then extracted from this holocellulose by two two-
hour extractions as used previously. The pentosan content of this
residue was l.2%e The hemicellulose was precipitated as described
above and the lignin content estimated by the 727% HpSO4 method of

Manning (33) to be 3.5%.

At est was made here of the completeness of the furfural
formation during the distillation of 360 mle by the method being
usede The distillation of the residue from this experiment was
continued to collect four additional 30-ml, portionse The pre-
oipitate which formed on the addition of phloroglucin to this dis-
tillate was found to be entirely due to methyle=furfural and to ohy-
droxy methyl-furfural as indicated by its complete solubility in 95%
ethyl alcohol at 60° C, (51).

A third experiment inoluding this technique was made by
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removing a portion of the hemicellulose before e single chlore
ination and extraction treatment of the holocellulose preparation,
and then removing further hemicellulose after this treatment. This
was carried out on a sample of the alcohol-extracted turnip pre-
pared after the manner of the last section for the NaOH extraction,
viz., by giving two extractions with (NHy ), C,04 and two with
the alcocholic NaOH. This residue was then extracted once for two
hours with 5% NaOH, once treated with chlorination and extraction
for the lignin chloride, and finally extracted a second time for two
hours with 57 NaOH. The residual pentosan was then 0.97 of the al-
cohol-extracted sample.

To form a better estimate of the efficiency of the hemi-
cellulose extraction, the pentosan content was determiﬂed on some
of the materials used in this work after the pretreatments had been
given. All pentosan data express the amounts iound as %'s of the

sample of ethyl alcohoi-extracted turnipe.

Peroentage
Material Pentosan

Ethyl alcohol-extracted turnip 1442

(average of two determinations: 13.9% and 14.3%)
Pectin-free, alcohoi-extracted turnip 4.8

(prepared as tor secona experiment with holo-

cellulose technique)
Holocellulose prepared trom peotin-iree aicohol-

extracted turnip 4.1

It is noticed that a decrease in pentosan-yielding material is shown

to accompany the preparation of holocellulose,
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An estimation of the amount of methyi-furfurai-phloroducide
and Whydroxymethyl-turfural=phloroglucide included in the weighed
phloroglucides was made at this point. The precipitate obtained
from the determination of the pentosan content of pectin~free alcohol=-
extracted turnip was treated after the method of Schorger (boi)e It
was found that these phioroglucides made up on 1.56% of' the total
weight of the precipitated phloroglucides. ‘'his amount is similar
to that found by Schorger (52),

3¢ The Effect of Alternalie kxtraction with 4% Na(OH and Exe
posure to Chiorine,

A study was mede of the effeoct of chlorination between suce
cessive extractions with 4% NaCH on both straw and turnip tlssues,
The straw used was the 40-mesh samplie desoribed above, after a thirty-
hour extraction with a constant boiling ethyli aicohol-benzene mixture.
‘the turnip samples were taken from the ethyl alcohol-extracted turnip
desoribed above., The effects of the extraction and chlorination pro-
cedure were ocarefully studied by determining the pentosan content of
the tissues following each stepe

The tables below show the percentage of the samplie that
eppeared as furfural-yielding material (caiculated to pentosan) fol=
lowing each stepe. letters are used to describe the material of which
the pentosan content is recorded. Thus "O" indicates the originai
sample, "E" refers to a residue after one extraction with 4% NaCH for
one half-nour with agitation, "EC" refers to a residue af'ter an ex=
traction with NaOH and one chlorination, "ECE", "ECEC", and "ECECE"

similarly refer to samples after further extractions and chlorination,
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The symboi "8" is used in conmection with the turnip sampies to

indicate the residue atter the removal of starch from the original

sampie by the method Hassid et. al. (21).

The residues from the NaOH extractions were in each case
washed in the centrifuge with three 20-mj, portions of 4% NaOH be-

fore chlorination or before the HC1 distiilatione The chlorinations

were oarried out by gentiy bubbiing Clz gas through the residues
fron the MaQH extractions after the latter had been acidified with
N acetic acid and water added to meke the volume approximately 50 mi,
Following this chlorinstion the residues were separated by centri-
fuging, then washed once with 20-mi. portions of H,0, and then washed
three times with 20e-ml. portions of Y5 % othyl aloohole

The following tables show the results of each single de-
termination that was made, Three compliete runs on straw samples
end two on turnip samples have been studied, A ew additionali tests
have been made on certain treatments. In the last coiumn of each of
the tables are given data concerning the total weight of hemiceiluloge
that was removed in the three e xtractions of the "RCECK™ sanpies. The
date report (as a % of the originai sampie) the weights of hemie

celiulose obtained on precipitating from these three extracts combined

in the manner described earlier,

STRAW
0 E EC ECE ECEC ECECE HEM o
22 07 1007 106 009 308 004 25.4
23 8 9.0 9.7 1,0 043 1.1 2942
2669 10,0 962 1,5 1.8 Rel 1843
26,9 | 10,1 0.9
TURN%E:
0 S SE SEC SECE SECEC SECECE HEM.
13.9 7«3 4,0 8.3 2¢5 Z.g i.g g.g
rY 504 109 ® L ] [}
14.5 (5.2 (4.1 3o 0.8
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The data for the two complete runs on turnip tissue are shown
graphically on page 54 «

An attempt was made through this study to estimate the
licnin content of the different extraocts by the use of the Folin
and Denis phenol reagent (17), after the method of Mshta (34).
As well as it could be determined the lignin content of all the
extracts was very low, and as was observed by Bailey (8), (9), it
was found that this lignin was not preferentially soluble in butyl
alcohol over aqueous NaOH even after heating in a pressure cooker
at 168°C, for four hours. However this colorimetrioc estimation of
lignin was found unsatisfactory for accurate work because of the
formation of a white precipitate which obscured the blue color,

In this study it was observed that the filtrates fram
the first chlorinations, and to a lesser extent from the second
chlorination, formed a very light white precipitate when the
alcohol washings were added. In the determination of the pentosan-
content of these residues immediately following chlorination a cloudy
distillate was obtained in all casess When the phloroglucin reagent
wes added to these cloudy distillates the color at first turned
reddish instead of greenish as is common. In some cases (especially
in distillates from residues after the second chlorination) the color
was at first a distinct orange, which darkened to a deep red and then
to blacke This reddish color seemed to be due to the precipitate which
was forming for when filtered after standing overnight the filtrates

had the characteristic greenish color, but these precipitates were

brownish instead of blacke
Attempts to identify this reddish or brownish material as

e compound of phloroglucin and methyl furfural or dhydroxymethyl fur-
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fural (51) have been inconciusivees There seems aiso the possibility
that it was aue to formaidehyde f'ormed irom lignin or trom some
product of lignin in the pentosan distillatione The precipitate
formed by tormaldenyde with phloroglucin is reddish-orange in coiore

This possibiiity has not yet been fuliiy investigated.
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DISCUSSION

The high pentosan content of' the residues arter ex-
traction with pure monoethanoiamine and ati'ter successive ex=
tractions with an aqueous soiution inaicated that this reagent,
aithough strongly aikaline, is not efficient in the removai of
hemiceilulose irom straw. Vhatever satisi'aotory teatures it may
have regarding the removal of contaminating substances, these
findings seem to precliude its use flor this purpose. It remainea
possibie that it might be more efficient with succulient tissue,
but other investigations seemed more promising of interesting
results concerning piant tissues in generali so no further work
was aone with this reagent,

Among the treatments of turnip tissue which invoived
vigorous agitation in the < xtractions, the pentosan content in
the residues was reauced to nearly 1% in two cases and to less
than 1% in one vureatment. Since tiie furfural yield of the aiconoliew
extracted turnip calculated to pentosan is 14.2%, these methods were
effective in removing about 93% of the furfural-yielding material
originally present. However the use of the hot 5% NaOH for ex-
tracting hemicellulose might introduce an error due to the remowval
of non-hemicellulosic materials (38, p. 56)e This would possibly
be more serious where the intention is to weigh the extracivud nemie
celiliuiose than if there were some other accurate means of estle
mating ite A caretul study would seem necessary to estabiish the
reiiability of this method ror each material analysede

The hoioceilutose preparation has been shown more deriniteuy



%o introduce errore. Here the danger is that same of the hemi-
c6llulosic materials may be removed in the ohlorination and
following alcoholioc monoethanolamine extraction. This was ine
dicated in the work with turnip tissue (pe. 29)s The pentosan
content of pectin-free, alcohol-extracted turnip was 4.8% ( of
the aloohol-extracted sample), and the pentosan content of the
holooellulose prepared from this material was 4.1% (on same basis),
indicating a decrease of 0,7% of the original sample, or about 14%
of the pentosan present before preparation of the holocellulose.

The inaccuracies of these methods might be reduced suffi-
ciently to make them of considerable practical interest if they
had the virtue of being relatively rapid. This does not seem how~
ever to be an immediate possibility. The number of transfers and
washings canmnot well be reduced, and high starch-containing tissues
such as those of turnip will remain slow to wash when wet with water,
or a special step must be introduced to remove the starche

Studies on chlorinations alternating with NaOH extractions
point to a possible satisfactory method through studying still other
methods of removing lignine There is indicated a possible souroce
of error when chlorine is used in that non-hemicellulosic materials
may be so altered that they will appear as of that nature. This
was particularly shown in the case of turnip tissue where there
wes & marked increase in furfural-yielding material following each
chlorination. This may be due to an attack by the chlorine on

cellulose or other hexosan materialse It is known that oxycellulose

conteins uronic acid groups (19). COr it may be due to the formation
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of formaldehyde from lignin as suggested by the work of Freudenmberg

end Harder (18).
Some indication is given of possible successful analysis

through precipitating and weighing the extracted hemicellulose,
The weights of hemicellulose obtained seem related (though not

exactly) to the amount extracted as shown by decrease in furfural yield.

Further study of this is needed. Especially should the nitrogene

content end lignin-content of these precipitates be kmowne



SUMMARY

Experiments have been carried out whioh were designed
to assist in the development of a method for hemicellulose esti-
mation in plant tissues.

Monoethanolamine has been shown to be an inefficlent
extracting agent for hemicellulose, both when it is employed
undiluted and when in 4 M aqueous solutiocne

Extraction of hemicellulose by vigorous agitation with
55 NaCH was studied following attempted removal of lignin in each
of two ways: (1) with alcoholic NaCOH, (2) by the preparation of
holocellulose. These experiments indicated that the residual hemi-
cellulosic materials (as measured by furfural yield on distillation
with 12% HC1) could be reduced to a low level. However, the most
efficient procedure (involving the preparation of holocellulose)
is lengthy and complicated, and in addition evidence has been
obtained that some hemicellulosic materiel is lost in this removal
of lignin,

A study was made of the use of chlorine in removing lignin
by alternating the dilute NeCH extractions with mild chlorinations.
In both straw end turnip tissue, especially the latter, the date
suggested that chlorination tended to produce an increase in the
amount of furfural-yielding materials. As has been mentioned this
may be due to the formation of formaldehyde during the HCl distillation
or it may be & result of an attack by the oxidizing egent on cellulose
or other hexosan material. This would suggest that attempts to ree-
move hemicellulose by alternating chlorinations and extracts with

NaOH mey result in the removal of some material properly belonging
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to the cellulose fractions This possibility does not seem toO

have been recognized before. Further, this eftect of chlor-

ination makes it difficult or impossible to use the furfural

yield as a measure of the completeness of hemicellulose removal

from certain tissues at any rate. It also introduces difficulties

jnto the determination of the constitution of hemicellulose pre-
parations isolated by such a procedure. It is suggested in this
connection that a search should be made for an oxidizing or other
agent to remove lignin since elimination of the latter seems to be

an essential requirement for the oomplete extraction of hemicellulose

from plent tissues.
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