
to galacturonic acid appeared by visual 
comparison to amount  to 12 to 147, 
of rhe different hemicelluloses. This 
corresponds closely to the amounts 
found by Binger, #Sullivan, and  Jensen 
( 7 )  in similar samples of orchard grass 
by densitometer methods. However, the 
reducing power of these spots after 
elution corresponded to only 1 to 3Yc 
as galacturonic acid. I t  is probable 
that these spots were of biuronides. 
T\vo  or  three other similar spots appeared 
on some chromatograms. 

Fourteen samples of orchard grass 
represented three stages of maturity: 
pre-emergence? half emergence, and  
blooming. T h e  weights of crude hemi- 
cellulose obtained from the three stages 
averaged 7..i, lo.‘ ,  and  11.2Cj, of the 
grass, resprctively, and  of these approxi- 
mately 70, 80, and 63%: respectivelv, 
Lvere recovered its sugars. iyeighted 
averagm of the amounts of the sugars, 
in per cent of total sugars recovered, 
a re  given in Table  I .  Rhamnose de- 
clined slightly \cirh maturity of the 
qas s .  A marked decrease in glucose also 
occurred between the second and  third 
stage of InaturitJ-, \vhile xylose was 
correspondingly higher. A similar de- 
crease in the glucose content of the 
hemicelluloses of the stems and  leaves 
of brome grass during the course of 
maturity was noted by Routley and 
Sullivan ( 6 ) .  

G R A S S  HOLOCELLULOSE 

Stepwise Hydrolysis of 
Grass Holocellulose 

T h e  weiglited average composition by 
species appears in Table 11. I n  reed 
canary grass one sample represented 
mixed late summer and  early fall cut- 
tings and  it contained a higher propor- 
tion of glucose than the first cuttings, all 
of which Lvere advanced in maturity and  
Lvere very similar to one another in 
composition. I n  other grasses no great 
differences Lvere found between samples 
of the same specics? and  the results re- 
ported for them are averages. I n  com- 
parisons among species of grasses differ- 
ences Ivere noted only in the glucose and 
in the corresponding xylose contents. 
Orchard grass was distinctly higher than 
all the other grasses in the glucose con- 
tent of the Lvater-soluble hemicelluloses. 
.A glucosan may be a constituent of the 
hemicellulose preparations, especially 
of those from orchard grass. 

I t  is recognized that losses occurred 
both in the preparation of the holocellu- 
loses and  in the extraction and precipita- 
tion of the hemicelluloses and  that these 
losses may have had some influence on 
the composition of the final hemicellulose 
preparations. T h e  place of occurrence 
and  the extent of rhese losses \vi11 be a n  
object of future study. 

Summary 

Hemicellulose \cere prepared from 

five species of lorage grasses by extracting 
them from the holocelluloses by hot 
Lvater. They were constituted in des- 
cending order of abundance by xylose, 
glucose, arabinose, galactose, and  rham- 
nose, and  by some uronic acids. Slight 
quantitative differences existed among 
species and  stages of groivth, particularly 
in respect to glucose: the most variable 
constituenr. 
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Grass holocellulose was subjected to successive heatings with 0.01 N sulfuric acid in a 
boiling water bath for 1 ,  2, 4, and 16 hours. Simple sigars, uronides, oligosaccharides, 
and hemicelluloses were extracted by each of the successive treatments. All the arabinose, 
galactose, and rhamnose, practically all the uronides, and 75% of the xylose were removed 
from the holocellulose. Glucans accompanied the other hemicelluloses, but glucose does 
not appear to be a constituent of the polyuronide hemicelluloses. The oligosaccharides 
found in the hydrolyzates indicate a considerably branched structure for the polyuronide 
hemicelluloses. The compounds recovered from the extracts are similar to those obtained 
by various workers from the hemicelluloses of other Gramineae. 

UCH OF THE PRESEKT knowledge M of the structure of the hemicel- 
Moses of nonwoody plants has been 
obtained from the more or  less highly 
purified xylan pori.ion. Recently, how- 
ever, partial o r  stepwise hydrolysis of the 
entire hemicellulose has produced com- 
pounds of low molecular weight which 
have provided some evidence as to the 
structure of the more highly branched 
and  more readily soluble portion of the 

hemicelluloses (6 ,  70). As no forage 
grass hemicelluloses were included in 
these studies, it appeared desirable to 
compare the products of their stepwise 
hydrolysis with those of other plants, 
especially other Gramineae. 

Material and Methods 

Chlorite holocelluloses were prepared 
as described by Routley and  Sullivan 

(5) .  ‘Ihe) came from orchard grass, 
cut a t  the half-emerged stage, and brome 
grass, combined leaf and  aftermath. 
Direct hydrolytic treatment of the holo- 
cellulose was used in order to avoid the 
losses entailed in extracting the hemi- 
celluloses. To 8 grams of holocellulose 
in a 250-ml. Erlenmeyer flask, 130 ml. 
of 0.01.\- sulfuric acid were added. 
T h e  mixture was heated under a n  air 
condenser in a boiling water bath for 1 
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hour and filtered on a Buchner funnel. 
The  filtrate and washings, of p H  
3.5, were neutralized with saturated 
barium hydroxide? centrifuged, and 
Lvashed, in the high speed centri- 
fuge. The  supernatant and \\.ash- 
ings were concentrated on the water 
bath. This solution contained sugars, 
oligosaccharides, and aldobiuronic acids, 
as well as hemicellulose which had been 
dissolved from the holocellulose and 
ichich \vas not hydrolyzed or  only par- 
tially so. The  hemicellulose \vas pre- 
cipitated by ethyl alcohol and sep- 
arated and washed a t  the centrifuge. 
T h e  precipitation by ethyl alcohol was 
repeated, with intervening concentra- 
tion of the supernatant and washings, 
until there was no further precipitation 
of hemicellulose. T h e  hemicellulose 
precipitates tvere combined, \vashed 
\vith ethyl alcohol and ether, and dried. 
The  last supernatant and \vashings were 
evaporated to a small measured volume. 
This, referred to as the extract. con- 

Table I .  Recovery of Solids from 8 
Grams of Holocellulose 
Compound Groms % 

Hemicellulose 1 0.430 5 . 4  
2 1.128 14 1 
3 0 358 4 5 
4 0 129 1 6 

Total hemicelluloses 2 045 25 6 
Sugars in extracts. as 

anhydrides 0 330 4 1 
Residue 5 000 62 5 
Total recovery 7 3'5 92 2 

tained free sugars, oligosaccharides, and 
some aldobiuronic acids. 

The  holocellulose residue from the 
above treatment was heated in the boil- 
ing \cater bath with 130 ml. of 0.01.Y 
sulfuric acid for 2 hours. The  mixture 
was treated as described above. The  
p H  of the filtrate \vas 2.5, 'The residue 
from the 2-hour treatment was heated 
in the same way for 4 hours, and the 4- 
hour residue lor 16 hours. Extracts 
and hemicelluloses from each treat- 
ment, and the final residue. \ vex  anal- 
yzed. 

For the determination of the con- 
stituent sugars: the holocelluloses, hemi- 
celluloses, and residues were hydro- 
]>zed by heating with 1.V sulfuric acid 
for 6 hours. Analyses of the hydroly- 
zates. and also of the extracts, were 
carried out as described (7) except that  
no quantitative determinations of rham- 
nose were made. 

Rhamnose separated readily beyond 
glucose bvith one 16-hour descending 
run with n-amyl alcohol. pyridine, and 
ivater. Comparatively large portions 
of the sample are requirrd to sho\v this 
sugar. 

Aliquots of the extracts were heated 
\vith 0.25.Y sulfuric acid to hydrolyze 
the oligosaccharides xvhich interfere 
with the identification of uronides on 
chromatograms. The  mixturrs were 
neutralized. concentrated. and chro- 
matographed with two descending 24- 
hour runs with ethyl acetate. acetic 
acid. formic acid, and water for qual- 
itative separation. As the material 

Table II. Per Cent Sugars" and Ash in the Solid Preparations 
Cornpound Golacfore Glucose Arabinose Xylose Ash 

Holocellulose 1 5  4 2  5 0  21 3 3 8  
Hemicel!ulose 1 3 2  11 6 8 3  33 6 22 3 

2 3 9  10 4 4 9  46 9 13 6 
3 2 2  o 7  2 4  41 6 17 6 
4 17 1 21 6 27 7 

Residue 2 6  8 8  4 8  

Liberated b) heating 6 hours \ \ i th  1.l' sulfuric acid. 

Table 111. Recovery of Sugars from the Holocellulose 

Compound 

Holocellulose, 8 grams 
Extract 1 

i 

3 
4 

Extracts, total 
Hemicellulose 1 

2 
3 
4 

Hemicelluloses, total 
Extracted, total 
Residue 
Recovery, total 

Golocfosa 

Mg. % 
123 100 0 

2 1 6  
6 4 9  
4 3 3  
4 3 2  

16 13  0 
14 11 4 
44 35 8 

8 6 5  

66 53 7 
82 66 7 

82 66 7 

Glucose 

M g .  % 
336 100.0 

6 1 8  
6 1 . 8  

49 14 7 
114 34 0 

35 10 4 
22 6 5 

220 65 5 
226 67 3 
129 38 4 
355 105 7 

Arabinore 

Mg. %-- 
396 100.0 

65 1 6 . 4  
142 35 9 

19 4 8 
10 2 5 

236 59.6 
36 9 . 1  
33 1 3 . 9  
9 2 . 2  

- -  

100 25 2 
336 84 8 

336 84 8 

Xylose 

1706 100.0 

- .- 

Mg. % 

4 0 . 2  
22 1 . 3  
26 1 . 5  
64 3 . 8  

116 6 . 8  
145 8 . 5  
531 31 1 
148 8 7 
28 1 6 

852 49 9 
968 56 7 
436 25 6 

1404 82 3 
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available \vas not suficient for elution 
and identification: prepararions were 
made from another portion of the broinc 
grass holocellulose. .After separation in 
quantity: the uronides irere subjecred 
to hydrolysis by methanolic-hydrochlo- 
ric acid, and the products \.;we identified 
by comparison \vith authentic samples. 
These uronides were comparrd qual- 
itatively as described above. 

Some added information as 10 the oc- 
currence and nature of t h r  oligosac- 
charides and uronides \\-as obtained by 
t\vo supplementary procedurrs: Srp- 
arate 2-gram portions of ~ h r  holocel- 
luloses were treated as described above, 
but only once. and for 1 .  2. 4: and 16 
hours. Hemicelluloses were srparated 
from the extracts as above. Samples of 
0.04 gram of the holocelluloses and of 
the final residues and oi 0.02 gram of 
the hemicelluloses just preparcd ivere 
heated in small stoppered vials in the 
\cater bath Lcith 1 ml. of 6.1.1- sulfuric 
acid. At the end of 1 .  1: 4: -. and 12 
hours! portions ol the h>-drolyzates ivere 
spotted on paper for chromatograph>- 
with threr ascending runs \\.it11 n-amyl 
alcohol, pyridine, and i%.atrr (135: 
145 : 120). The oligosaccharides of the 
extracts were also separatrd. in [his 
case by repeated descending runs \vir11 
the same solvent. The  oiigosaccharides 
located b>- spraying \vith aniline hydro- 
gen phthalate on side strips \\-ere furthei- 
separated after elution \\-ith other sol- 
vents as needed: ethyl acetate, acrtic acid, 
formic acid, and \Yarer ;18:3:1 : 
4 ) ;  1-butanol: pyridine. and \\nter ( 6 :  
4 : 3 ) ;  and 1-butanol. acetic acid. and 
ivater (4 : l  :4) (organic phase). Finally 
the oligosaccharides were eluicd, sub- 
jected to stepwise h> drolysis with 
O.laY sulfuric acid: and their components 
irere determined chromatographically. 
If more than one sugar appearrd,  their 
:.alios \\-ere determined. 

Results 

S o  qualitative differences wcrc found 
benveen orchard grass and brome grass. 
Quantitative differences werr slight: 
except for a noticeably higher ~ l u c o s e  
content in the orchard grass preparations. 
. i s  this does not affect the conclusions 
to be drawn, the two sets of figurcs have 
been averaged in the tables. 

T h e  7.8% loss of solids ('l'able I )  
could arise from the following : solids 
oiher than simple sugars in the extracts, 
including oligosaccharides and uronides ; 
losses in the recovery of the hrmicel- 
!uloses as quantitative transfer oi these 
is difficult; and other losses in handling. 

.ill  the hernicell~doses precipitated 
from the extracts \<ere containinated 
Lvith extraneous material (Table 11). 
The  ash content was especially high. 
To  arabinose or galactose vias found in 
the hemicellulose from the fouirh ex- 
xaction or in the residue. 



.Arabinose \cas removed rapidly, 
%alactose more slo\cly, but both com- 
pletely, as none (of either sugar was 
found in the hydrolyzate of the residue 
(Table 111). Xylose was split off much 
more slo\vly. T h e  failure to attain 
quantitative recovery of these sugars 
may be accounted for in part b) their 
occurrence in oligosaccharides and uro- 
nides, in part b) destruction during hy- 
drolysis. and in part by technical dif- 
ficulties. 

Probably, the treatment \cith dilute 
acid gradually changed some glucans 
to forms more easily hydrolyzed than 
they \\.ere in the holocellulose. This 
would account for the high recovery 
of glucose. 

Oligosaccharides. Eight of these 
were separated in amounts sufficient 
for hydrol)-sis. From their position on 
chromatograms and  their behavior dur-  
ing stepvise hydrolysis, a n  estimate can 
be made of the number of sugar units in 
each. They are as follo~cs: 

-411 arabinose disaccharide was present 
in extracts 1 and 2:. I t  was hydrolyzed 
to arabinose by 0,Ol.V sulfuric acid in 
4 hours. 

.4n arabinose-galactose disaccharide 
was present in extracts 1 and 2 ,  but only 
a slight trace, or none, was found in ex- 
tracts 3 and 4. I t  was hydrolyzed com- 
pletely b!- O.l . \-  sulfuric acid in 3 hours. 

An arabinose-xylose disaccharide was 
like the disaccharide above in occur- 
rence and rate of hydrolysis. 

An arabinose-galactosc:-r;!.lose trisac- 
charide occurred in relatively small 
amounts in extract 2 ,  \cith little or none 
in extracts 3 and 4 .  I t  \vas hydrolyzed 
by 0.1 .\. sulfuric acid in 1 hour. 

.‘in apparent tetrasaccharide contain- 
ing onc arabinose, two galactose, and  
one xylose units \cas like the above trisac- 
charide in occurrence, but its R,. \vas 
much lower. 
.-I xylose disaccharide, a xylose trisac- 

charide, and  a xylose tetrasaccharide 
appeared in all the extracts. They \vere 
hydrol>-zed completely by 0.1 .I7 sulfuric 
acid in hours. 

Uronides. T h e w  \Yere present in the 
holocelluloses and in all the hemicellu- 
loses and extracts. They Icere absent 
from? or  present in only slight traces in: 
the residues. 

Five uronides \rere separated from 
brome grass hemicellulose. Their  con- 
stituents as determined by hydrolysis 
were: galacturonic acid, a t  least tlco 
units: galacturonic: acid and  rhamnose; 
glucuronic acid and  galactose; glucuronic 
acid and  x!.lose; and methyl glucuronic 
acid and  xylose. 

T h e  first t\vo were present in very small 
amounts. .They may have come from 
nonhemicellulose contaminants. Free 
galacturonic acid was also present. 

Rhamnose. This sugar \cas present 
in the holocelluloses, in increasing 
amounis in extracts 1 to 4. and in de- 

creasing amounts in hemicelluloses l to 
4. S o n e  could be detected in the 
residue. I n  all cases the amounts of 
rhamnose \cere small. 

Discussion 

Treatment of holocellulose Lvith dilute 
acid produced two distinct results, 
a dissolving action and a hydrolyzing 
action which may interact. By far the 
greatest part of the dissolved material 
was removed by the combined action 
of the 1- and 2-hour treatments. .As the 
holocellulose neutralized some of the 
acid used in the first extraction, the final 
pH was 3.5. This treatment \cas far 
less effective than the second: or ‘-hour 
extraction. in which the pH \cas main- 
tained a t  2.5. 

T h e  treatments removed from the holo- 
cellulose all the arabinose. galactose, 
and  rhamnose, practically all the uro- 
nides, and three fourths of the xylose. 
T h e  xylose remaining in the residue 
\could appear to be essentially in the 
form of pure xylan. 

A considerable part of the material 
dissolved by each of the successive 
treatments \cas hemicellulose, precip- 
itated from the neutralized extract by 
ethyl alcohol. These four hemicel- 
lulose preparations showed changes in 
composition as to the relative amounts 
of the three sugars, galactose. arabinose, 
and  xylose. in them. IVhether this re- 
sulted from fractionation of the hemicel- 
luloses or only from the gradual removal 
of galactose and  arabinose by hydrolysis 
is uncertain. 

Uronides \cere present in all four of the 
hemicelluloses: as well as in the ex- 
tracts. Thus  they icere more resistant 
to removal by hydrolysis than were the 
sugars except xylose a n d  glucose. 

T h e  action of dilute acids for a limited 
time would be expected to affect mainly 
the side chains of the hemicellulose 
molecule rather than its central core (8) .  
Thus, the simple sugars and  the uronides 
in the extracts probably formed parts 
of such side chains. 

T h e  uronides isolated from the holocel- 
lulose a re  similar to those prepared 
from some other hemicelluloses ( 7 - 1 ,  9 ) .  
Small amounts of the uronides appeared 
in the extracts, but more remained in all 
four of the hemicellulose preparations. 
Since only a trace of uronides was found 
in the residue. it appears that the hemi- 
celluloses containing them are  more 
readily soluble than a re  the xylans free 
froin uronides, xvhich include the xylose 
remaining in the residue. 

T h e  most direct evidence as to the 
structure of the hemicelluloses lies in 
the oligosaccharides occurring in the 
extracts: especially those Ivhich appeared 
in the earlier treatments and \ihich lvere 
easily hydrolyzed. These give some in- 
dication of the nature of the side chains 

v o  1. 8, 

attached to the main xylan chain of the 
polyuronide hemicellulose. 

Finding a n  arabinose disaccharide 
in the products of mild hydrolysis of 
the grass holocelluloses shoivs that 
longer arabinose side chains may occur, 
unless a separate araban is present. T h e  
oligosaccharides containing arabinose 
and galactose, arabinose and  xylose, and 
arabinose, galactose, and  xylose also 
indicate side chains of some length. 
From the large amounts of free arabinose 
in the extracts it seems probable that 
more and perhaps longer side chains 
containing this sugar may occur. 

T h e  series of xylose oligosaccharides 
may have come either from side chains 
of branched molecules or from the main 
chain broken a t  random. T h e  former 
\could appear to be the more probable 
result of the mild treatment. 

T h e  behavior of glucose \vas quite 
different from that of the other sugars. 
Only a very small amount of it appeared 
in the extracts and that only in the final 
one, resulting from 16 hours of exposure 
to the hot: dilute acid. Each of the hemi- 
cellulose preparations, and also the res- 
idue, yielded glucose on hydrolysis ivith 
1.V sulfuric acid for 6 hours. SO 
oligosaccharides containing glucose were 
found in the extracts. I t  seems probable, 
therefore. that glucose is not combined 
in the same molecule as are the other 
sugars and the uronic acids, but arises 
from some glucan resembling the orher 
hemicelluloses in solubility. 
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