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ABSTRACT 

Aspc'cts of the c l ie~l i i s t r~  of the two Inore common heniicell~~loses fonnd in hardwoocls 
growing on sor~thern pine sites are ontlined. The 4-0-methylglucuronoxylans have been 
investigated cherilically Ily several groups of workers and have been shown to consist of an 
essentially linear l)ackl,one of 1,4-p-linked ~ -x~ lopyranose  residues. To this backbone are 
attached in a random fashion, a-linked 4-0-methyl-D-glucnron~pyranos~l residues through 
position 2 of a l ~ o l ~ t  one in ten of the D-xylopyranosyl groups. 0-Acetyl residues may also 
I)e present. The gluconlannans have received less attention. They consist of essentially 
linear l~oly~ners formed of 1,4-p-linked-D-glucopyranose and 1,4-p-linked-u-mannopyranose 
residues joined in random sequence and may also contain 0-acetyl residues. The ratio of 
thc sugars varies between 1 :2 and 1 : l .  

Ket~words: Southern hardwoods, hemicelluloses, chemical analysis, carbohydrates, pen- 
toses, hexoses, xylans, glnco~nannans. 

INTHODUCTIOX sociated with cellulose and lignin and can 
11e isolated from the original wood or from 

The heinicellnloses of o~ily three of the material either by extraction 
twellty-twO species of hardwo0ds with water Or, more by extractioll 
( A'lgios~erlnae ) growing On southern pine with aqueous alkali. Most of the helnicellu- 
sites have received detailed investigation. isolated from lalld plants are essen- 
&)n,c. 90 percent of these hardwoods, i . e  tiillly linear in The major groups 
the six predominant species and thirteen of polysacc~arides far have 
other species, have received only superficial been the O-acety~-4-O-nlethy~g1UcL1ronoly- 
chenlical examination (Table l ) ,  and their the glucomannans, tensiOnwood galac- 
polysaccharides have not been investigated tans polysaccharides from 
using modern technir l~~es Because so little with hot water (starch, pectin, etc. ). 
i s  k n o w n  aboutthese species, much research Since the last two groups are of millor 
is needed so that the opportunity for their importance to the their 
chemical utilization may be made possible. chemistry will not be discussed here. The 
For this reason this article concentrates on isolation and chemical investigation of the 
the chen~istry of the hen~icelluloses of white O~ace ty~ -4 -O-me t~y~g~ucu ronoxy~ans ,  the 
()ak ( Quercus L. ), red ( dominating hemicrllulose in hardwoods, 
r1~ljrflnl, 12.1, and America11 elm (C'lmus have by far, the most invcstiga- 
nrnericuna, L . )  (Tiinell 1964, 1965), de- tors, 
scri1)ing techniques for determining the is very difficult to determille ( ), 
chemical structure of the xylans and glu- the allsolute compositioll of a hemicellulosc 
com;~ilna~~s.  and to identify all the sugars in the poly- 

A hernicellulose may be defined roughly mer. First there is the problem of isolating 
:IS :L polysaccharide, of low molecular a hemicellulose free from other polysac- 
weight relative to that of cellulose, which is charides and from such impurities as ash 
normally found in plant tissues. ~t is as- and water. Unlike proteins, polysaccharides 

- - ~  are composed of a spectrum of molecular 

Prof. Jones died in Kingston, Canada April weights and are usually built up in a ran- 
1977. dom fashion so they may vary in the com- 
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TABLE 1. Peilto~an content of yome hnrtlwootl9 growing O I L  couthert~ l)tne s~ter 

Wood Froportion of l'entosnn 
pine site content 

n~illion h;~rdwood volumr (from furfnral ) 

Sw~etgrlm (Liclrtidanzhar styracifluu L. ) 
Oak, whitc (()rcercics alha L.) 
Hickory, S ~ I B  ( Carya spp. ) 
Oak, sol~therti retl (C). falcatcc hlichx.) 
Oak, post ( 0. stellata Wangenh. ) 
Y e l l o ~ - ~ o ~ l ; t r  (Lirio(lei~rlrotz trllipifcru L.) 
Tupelo, 1)lack (Nyssu s!/loutica Marsh.) 
Oak, water ((I. nigru L. )  
Oak, black ( Q. z;eliitii~a Lam. ) 
Oak, scarlet (0. cocchleu hlltench.) 
hfaple, rcd (Acer  rllhrt1111 L.)  
Oak, chest~ir~t  ((I. l~ristrcs L. )  
Oak, northern red ((I. rubra L.)  
Oak, Iatlrel ( Q. Zurrrifolicl hlichx. ) 
Elm, spp. ( Ulintts spp. ) 

Atilericnn elm ( U .  ccltlericutla L. ) 
Oak, cherryl,ark (0. falcatu var. pagodaefolia Ell.) 
Ash, spp. ( Fruxiir~ts spp. ) 

American ash (F. utnericui~u L.) 
Sweetl~ay ( ~2lagilolia oirgiiliana L. ) 
Oak, sh~nnard ((I. shrcnlartlii Ruckl.) 
Hackl~erry, spp. (Celt is  spp.) 
Hlackjack oak ( (1. iilarilai~dica hletlnch. ) 
0thc.r harclwoods 

Total 
- - -- 

(:hristopher cxt al. ( 1976) 

lmsition of t h c i r  endgroups. Brcausc of the 
variability in the composition of the hemi- 
celluloses, their acidic hydrolysis, which is 
usually a heterogeneous reacton, leads to 
l>roblcnls. The furanosides are hydrolyzed 
more easily than the pyranosides, which in 
tun1 arc. ]nore easily hydrolyzed than are 
the ~~ronosides. In the hydrolysis of a com- 
plm hemicellulose, the furanosidic sugars 
(c.g., L-arabinose), which are more easily 
hydrolyzed, are marc. rapidly destroyed by 
hot acid when they are in the reducing form 
than are the nonreducing pyranosidic 
sugars. Similarly, complete hydrolysis of 
uronosides results in a substarltial degrada- 
tive loss of all sugars. I t  is therefore advis- 
able to carry out an analysis i11 three steps; 
first using dilute (0.1N) acid to hydrolyze 

fur:~nosidt.s, second to follow the hydrolysis 
using stronger ( 2 N )  acid and thus to de- 
termine the pyranosides, and finally a pro- 
longed hydrolysis to determine the urono- 
sides. In all cases an internal standard 
(n~anuitol or erythritol), unaffected by the 
conditions of hydrolysis, should be added. 
This procedure will give the optirnum 
yields of sugars (and in some cases indicate 
their transformation into isomers) and may 
lead to the detection of traces of some 
sugars (such as 0-methylated sugars). The 
enzymic degradation of hemicelluloses rnay 
also lead to difficulties because of the for- 
rnatioil of sugar artefacts (e.g. u~lsaturatcd 
sugars ) . 

The quantitative (ca. 95%) isolation of 
pure hardwood sylans is difficult and has 



D -  mannose 4-0- methyl -D-glucuronic 
acid 

L- arabino(furan0 )se L- a r a b i n ~ [ ~ ~ r a n o  ]se D - xylose 

Ii~c:. 1. Sugars present in hartlwood hemicelluloses. 

I)een achieved in a few cases only. Conse- 
cluently the approximate amounts of these 
polysaccliarides are bctter assessed by 
chemical analysis of the wood despite the 
difficulty in obtaining complete hydrolysis 
of the polymers without some destruction 
o f  the sugars. Nowadays because of im- 
provements in technique, such as the use of 
specific sugar oxidases and the use of thin 
layer chromatography, paper chromatogra- 
phy, gas-liquid chromatography, and high 
pressure liquid chromatography, it is a 
comparatively simple matter to determine, 
quickly and accurately, the ratios of sugars 

produced on hydrolysis of the woods (how- 
ever, see above precautions on hydrolysis 
technique ) . The major sugars determined 
quantitatively are D-galactose, D-glucose 
(mainly from cellulose), D-mannose, L-arab- 
inose and D-xylose (Fig. 1, Table 2 ) .  
Other sugars such as L-fucose, L-rhamnose, 
n-galacturonic acid, 4-0-methyl-D-gluc- 
uronic acid, and D - ~ ~ ~ ~ u r O i l i ~  acid may also 
be detected, usually in relatively small 
amounts. The methyl pentoses and D- 

galacturonic acid probably arise from pectic 
materials. 

Direct extraction of hardwood sawdust 

TAHLE 2. Chcinical analy~is of carb~h!~dratec froin some American woods 
-- - -  - - 

Percrntage of extract~ve-free oven-dry wood 

Uronic 
Sl,rcies Acrtyl anhydridr Glrlcan Mannan Xylan Galactan Arahinan 

- -- - -- . . - - . . . . . -- - -- -~. 

Beach 3.9 4.8 47.5 2.1 17.5 1.2 0.5 

Slaple, red 3.8 3.5 46.6 3.5 17.3 0.6 0.5 

Oak, southern retl 3.3 4.5 40.6 2.0 19.2 1.2 0.4 

Sweetg1111l - - 39.4 3.1 17.5 0.8 0.3 

El~n ,  white 3.9 3.6 53.2 2.4 11.5 0.9 0.6 
.-.~ - 

'T11,. ;inthor thanks the Forest Products Laboratory, USDA Forest Service, for permission to publish Table 2. 
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-- -- -- -- - - -- - -- 

[a],, 
Y~eld, In X v l ~ ~ \ e  I at111 1x.r degrees 

Spec,[ \ 
-- 

%I of W O O ~  a c ~ d  r r \ ~ d ~ l e  ( ~ n  NaOH) Pn 
- -- -- 

()t ier( 11% ulhu 10 - -75 - 
Oak, white 

()rrcr(.rr.r. rohrrr 
Oak, English 

1'11 = N111n1)er-a\zrrape deprer of polyn~eri~ation (nnmber of xylosr residues i n  the xylan I~ackbone). 

( extractive-free) with aqueous alkali makes 
it possible in many cases to isolate a de-0-  
acetylated xylan in yields of up to 95% 
(Table 3 ) .  Thus it is feasiblc to check the 
11-xylosc content found by chemical analy- 
sis against tlic yield of xylan determined by 
direcat alkaline extraction of the wood. 
Mowre\,er, the direct extraction of hemi- 
cellnloses froin American elm sawdust does 
not give good yields of product. The yields 
of hemicclluloses depend up011 the type of 
alkali used. Experience has shown that 
aqueous potassium hydroxide is more effec- 
tive than aclueous sodium hydroxide in 
extracting 4-(I-methylglucuronoxylans and 
it is Inor(, specific in that very little gluco- 
Inannail is extracted at the same time. The 
sawdust is usually extracted in an atmo- 
sphere of nitrogen at or l~elow room tem- 
perature if de-0-acetylated xylans of mini- 
mum degradation are required. 

This procedure minimizes the alkaline 
degradation of polysaccharides but does not 
pre\,ellt the so-called "peeling off" reaction 
which results from degradation of the mol- 
ecule from the reducing end (11y p-elimina- 
tion ) (Fig. 2 ) .  To prevent this "peeling 
off" reaction, the polysaccharide ~nolecules 
may be treated with sodium borohydride to 
convert their reducing eilcls to derivatives 
of xylitol. If sodium borotritiide ( NaB"H, ) 
is used, then the reducing ends of the mol- 
ecules are labelled with tritium and may 
11e identified later, thus giving the average 
n~olecular size of the molecules (Fig. 3 ) .  
The 4-0-1nethyl-~-glucurunic acid portion 
of a 4-O-n1eth~l-~-g~ucoro1iox~lan may 
itself be vulnerable to alkaline degradation 

under certain circu~nstancrs, again by p- 
elimination resulting first in clemethylation 
and then in loss of uronic acid residues. 

111 soine cases the yield of helnicelluloses 
from direct alkali extraction of wood is low. 
To improve the yield, the lignin should 
first be removed leaving a holocellulose. 
There are several procedures described in 
the literature that involve the use of chlo- 
rinc, chlorine derivatives, or peracids. These 
reagents convert the lignin, oxidatively, to 
clerivatives that can then be extracted under 
~ni ld conditions with organic solveilts or 
acids. Unfortunately, these procedures usu- 
ally lead to loss of polysaccharides and inay 
result in modification of the isolated poly- 
saccharides. For example, the reducing 
endgroup of the p~l~sacchar ides  may be 
converted to an aldonic acid derivative, a 
primary alcohol may be oxidized to a car- 
boxylic acid or a secondary alcohol to a 
ketone. This last reaction is of considerable 
significance since it  may make the polymers 
base-lahile as shown in Fig. 2 ("peeling off" 
reaction). To overcome this possibility the 
delignified material inay be treated with 
sodium l~o roh~dr ide  before extracting the 
holocellulose wit11 potassiun~ hydroxide so- 
lution. This treatment converts ketones to 
secondary alcohols that are unaffected by  
the bas<,. If a polysaccharide still contain- 
ing its original 0-acetyl groups is required, 
a holocellulose, obtained by chlorite treat- 
ment of the original wood (e.g. silver birch), 
may be extracted with methyl sulfoxide to 
yield a xylail containing a rc,latively high 
proportioil of 0-acetyl and uronic acid resi- 
dues. However, it is impracticable to ex- 



HARDWOOD HEhIICELLULOSES 

CHO 

Reducing endgroup 

COOH 
FIG. 2. Ilegradation of xylan I>y alkali. 

tract all the heinicelluloses from a wood 
1)y ally of these procedures. There usually 
ren~ains a portion that appears to be bound 
to the lignin or to the cellulose fraction of 
the wood. 

STRUCTUHE OF THE 4-0-METHYL-D- 
GLUCURONOPYRANOSYLXYLANS 

'The original classical work begun in 1923 
(O'Dwyer 1940) on the structure of the 

l~emicelluloses of white oak was made diffi- 
cult because little was known at that time of 
the chemistry of xylose and of uronic acids. 
Microchemical techniques were not avail- 
able and the separation and identification 
of the sugars, involving the preparation of 
their complex hydrazones, were very com- 
plicated and inexact procedures. Neverthe- 
less it was possible to isolate a hemicellulose 
that gave xylose and a uronic acid deriva- 

X y Ian--reducing end 

FIG. 3. Reduction of xylan with sodium borotritiide (NaBWHI). 
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T A I ~ L ~  1. X ! l l a ~ ~  fro111 various specicc of hart1u;ood (extractive-free) 

- - 
Percentage of extractive-free xylan 

- - -~ 
0-Acetyl-  Experimental 

(4-0-Methyl- (4-0-methyl-  yield 
Sy111se filucurono ) -  g l u c ~ ~ n ~ n o  ) - (direct 

S l x ~ f ( , \  Pmt~ ,s ; l r l  residr~es xylan extractiorc ) 
--- 

xylan 
-- ~ - - - .- - 

tivc in a ratio of 6:l .  This liemicellulose 
c*ontained nlethoxyl residues. On partial 
llydrolysis of the hemicellulose, the barium 
salt of an 0-methylglycuronosylxylose was 
ol~tait~ecl. The present author exannined a 
slwcitlicn of this salt in 1947, but cven then 
insufficient background knowledge was 
;ivailal)le to determine its complete struc- 
ture ~ising the techniques available. 

l'artial hydrolysis l)y acids or enzymes is 
a major 13rocedurc now used to determine 
tltc- sequence of sugars in hemioelluloses. 
'I'his is possible because there are now so 
Illan) analytical techniques that may be 

used to separate di-, tri-, tetra-, etc. oligo- 
saccharides from one another. When aspen 
sawdust was hydrolyzed by acid and the 
components separated into neutral and 
acidic fractions, at least four materials were 
identified. These were: D-xylose, xylob- 
iose, uylotriose and an aldobiouronic acid 
identified as 2-0-(4-0-n1ethyl-a-~-glucopy- 
ranosyInroilic acid)-D-xylose. The isolation 
of these components using a colun~n of 
charcoal (Whistler and BeMiller 1962) gives 
.some idea of the structure of the original 
heniicellulose. 

A more powerful tool for the determina- 

Methyl 0-[methyl (2 ,3 -  d i -0 -ace ty l  - 4-0-  methyl -4- 0-glucopyranosyl ) - 

urona te l - (  1+2)-3,4-di -0-acety l -  a-D-xylopyranoside 

R = C0.CH3 

I 4. \letl~yl ~-Imrthpl(2,3-di-O-~~ietl~yl-u-~~-g1~~copyranosyl)u~~onatel-(1+2)-3,4-di-O-acety~-u-~- 
~~lo~~~ranositle IV, R=H chaructcrized as R = CO . CII:I. 



end group 

b D-xylose 

- 

xylose xylose 
2,3,4-tri -0-methyl -D - 2,3-di - 0 -  

, n 2,3,4- tri-0- methy1-D- - 
glucuronic acid 

FIG. 5 .  Hydrolysis of methylated xylan. 

tion of l~olysnccharide structure is the 
~~ietllylation procedure. 111 this technique 
free hydroxyl groups present in a hemicellu- 
lose molecnle are converted to the corre- 
sponding methyl ethers using inethyl sulfate 
ant1 alkali, thus labelling them (fIawort11 
1915). The inethylated derivative is then 
hydrolyzed, and the different components 
so p ~ d l ~ c e d  are separated and identified. 
\\'hen 4-0-methyl-u-gluc~1roi1c)xylan froin 
red maple was put through this procedure, 
fully methylated derivative was obtained 
that was soluble in organic solvents. After 
liydrolysis, four components could be dc- 
trcted chromatographically. These were 
separated and identified (Fig. 5 )  as 2,3,4- 
tri-()-111ethyl-~-xy1ost~ ( endgroup), 2,3-di- 
(>-lnethyl-D-xylose ( the major component), 
3-0-methyl-D-xylose and 2,3,4-tri-0-methyl- 
D-glucurouic acid (Aspinall et al. 1954). 
The last component resl~lted fro111 the 
methylation of the side chains of 4 - 0 -  
~nethyl-11-glucuro~lic acid which were at- 
tached to the 3-0-methyl-D-sylose residues. 
The linkage between the 2,3,4-tri-0-methyl- 

o-glucuronic acid and 3-O-methyl-~-xylose 
is relatively stable to acid. Consequently, 
a disaccharide compostd of these two units 
is frequently encountered when methylated 
0-glucur~nos~luylai~s are hydrolyzed by 
acids. This information, together with the 
knowledge that xylobiose, xylotriosc and an 
aldobiouronic acid (Fig. 4 )  are produced 
on  acidic hydrolysis of xylan, is unfortu- 
nately, not sufficient to permit an unambigu- 
ous str~icture to be allocated to this poly- 
saccharide. 

a ion The newer methods of methyl t' 
(Sandford and Conrad 1966) using the 
methyl sulfoxide anion (CH,<SOCH2-Nat ) 
perillit the complete and rapid methylation 
of a very si-nall amount of material (ca. 20 
mg ) The gas-liquid chromatographic 
(g.1.c.) illachine coupled to a mass spec- 
trometer and computer now allow one to 
separate, identify, and determine quanti- 
tatively the components produced on hy- 
drolysis of a minute amount of methylated 
hemicellulose. This procedure has bee11 
used ill the case of some l~olysaccharidcs but 
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CHO CH20H 
I I 

Fx:. 6. Reduction of 2- and of 4-0-methylxylose 

lin\ not yet, as far as the author is aware, 
been employed in thc examination of a 
metltylnted hemicellulose. 111 some cases 
the O-niethvl ether derivatives of the sugars - 
may ]lot be sufficieiltly volatile for analysis 
on the g.1.c. machine. Several procedures 
can 1,e used to overcome this nroblem. but 
often at least tiyo methods must be used to 
solve it. For example, the 0-methyl ether 
may be acetylated or trimethylsilylated or 
it may be reduced and then acctylated or 
trimethvlsilvlated. In the first nrocedure a 

i 2 

complicated mixture may be produced be- 
cause of the possibility of formation of 
several glycosides. In the second case a 
nluclj simpler pattern will be formed, but 
there may be ambiguities because of the 
stereochemistry of the sugars. For example 
2-0-~nethylxylose on reduction yields 2-0- 
methylxylitol but 4-0-methylxylose yields 
a xylitol which is indistinguishable by the 
g.1.c procedure (Fig. 6 ) .  Use of gas chro- 
matography to separate tri~nethylsilylated 
tleri\,atives of the polysaccharides found in 
rnost prepared foods has becn described by 
1,arson and Egberg ( 1977), using different 
colulnns for mono- and disaccharides and 
for tri- arid tetrasaccharides. A recent publi- 
cation has described the preparation of the 
oxinies of the sugars that on acetylation 
yield thc acetylated acyclic nitriles; the for- 
mation of isomers due to ring structure is 
thus avoided (Lance and Jones 1967). 

The hardwood xylans corisist, in the 
main, of n linear backbo~ie of 1,4-linked 

P-D-uylopyranosyl residues to which are at- 
tachtd, by a-linkages, 4-0-1nethyl-~-gIu- 
curonopyranosyl units at irregular intervals 
(Tiinell 1961a). These xylans are physically 
and perhaps clteniically heterogeneous and 
are composed, on the average, of about 190 
sugar residues. Some of them are in part 
0-acetylated. An idea of the positions of 
the 0-acetyl residues may be determined 
by periodate oxidation. This reagent oxi- 
dizes compounds that contain hydroxyl 
groups on each of two or more colltiguous 
carbon atoms. If a hydroxyl group, whether 
on C-2 or C-3 of the xylose residue in a 
xylan moleculr, is substituted by an 0 -  
acetyl residue that molecule will not be 
oxidized by periodate. Thus, if the number 
of 0-acetyl residues corresponds to the 
number of unoxidized n-xylopyranosyl resi- 
dues, then there will be approximstely one 
0-acetyl residue for each unoxidized sugar. 
Allowance is made for the presence of un- 
oxidized residues resulting from substitu- 
tion at C-2 by uronic acid groups. A better 
method (see Fig. 7 )  (Bouveng 1961) is to 
treat the 0-acetylxylan with phenyl iso- 
cyanate to prepare the fully substituted 
phenylcarbamate ester. The more stable 
phenylcarbamate ester is unaffected by 
mild acid hydrolysis, but the 0-acetyl 
groupsare removed. Methylation of the de- 
0-acetylated product with silver oxide and 
inethyl iodide followed by treatment with 
lithium aluminum hydride to remove the 
0-phenylcarbanioyl groups gave a partially 
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I I I I I 1 
- CH-CH - - CH-CH - -CH- CH - 

I I PhNCO * H + 

AcO OH 1 1  - AcO OCONHPh 
I I 

HO OCONHPh 

I I 
- CH-CH - 

I I 
- CH-CH - 

M e 1  , Ag20 Li AI H4  - I I - 
M e 0  OCONHPh 

I I 
M e 0  OH 

Frc:. 7. Detrr~nination of tile position of an 0-acetyl residue in xylan. 

methylated xylan. The position of the meth- 
oxyl groups and hence of the 0-acetyls 
in the xylose residue was determined by 
conventional methods. Thus it was shown 
that 0-acetyls exist as esters of hydroxyl 
groups on C-2 or C-3, and also on C-2 and 
C-3 of sugar residues in some cases ( in  a 
ratio of ca. 2 :4 : l  in the case of a xylan from 
white birch). Surprisingly some of these 
0-acetyl residues survive during the acid 
sulfite pulping process. 

The periodate method oi oxidation (Smith 
and Montgomery 1959) has been used to 
show that the xylan (from yellow birch) 
does not contain 0-acetylated 4-0-methyl- 
11-glucuronic acid residues. When the 4-0- 
methyl-D-glucuronosylxylan is oxidized with 
periodate and the product is reduced by 
sodium borohydride, the resulting poly- 
alcohol on hydrolysis, by dilute acid, does 
not yield any 4-0-methyl-D-glucuronic acid. 
This proves that each uronic acid molecule 

I l l  
A A A  

Where X is  a (1-4)-8-D-xylopyranose residue, and A is 

a (1-2)-4-0-methyl-a-  D-glucuronic acid residue. 

X - X = xylobiose X- X- X = xylotriose 

FIC.. 8. Possible s t ruct~~res  of hardwood xylan. 
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TADLE 5. Ge~leral charucteristics of glrrcomun~luns f ro i~i  some Ilarchoods 
- ~ - -- ~ - - - 

[a],, 
Yivl~l, III fX degrees N n t ~ ~ r e  ot 

Sl~ecic,\ of woocl M;ln/C. I'n ch:~in 
~ - p~ 

[ i l l  NilOH ) 
- 

.\c.c,r rrrbrrrrtt 
Rlaplr, red , ' 3 , : 3  1.9 -3 1 70 linear 

,\1 mcc l ~ ~ r r r r ~ ~  
hlal:le, allgal 1. I 2.3 -24 26 linear 

11;~s two adjacent hydrosyl groups ( a t  C-2 
:urd C-3) :und therefore ca~nlot have pos- 
scssecl ally 0-acetyl residues. Each group- 
ing is thcwfore also an endgroup. I11 
11r;lctically all xylans from hardwoods so far 
investigated, it has beell shown that the 
nronic acid residues are a-linked to D-xylo- 
pyralrose residues through C-2 of the pen- 
tose. Many structures are possible for the 
4-(~-1nethyl-~-glt1c~1ro11osylsylart, some of 
whicll are shown in Fig. 8. 

Angiosperms contail1 little gluco~nannan 
(en. 4% ) relative to xylan (20-30% ) and 
for this reason have been but little investi- 
gated. In a general method of isolation de- 
\relol)ed by Hamilton and Quiiilby ( 1937) 
and 'rimell (196111), the wood is first de- 
lignificlcl I)y chlorite and sul~secluently es- 
tractc,rl wit11 ; L C ~ I I ~ ~ ~ I S  r )ot ;~ssi l~~l~ lrydrosicle, 
\vhiclr rrllio\2es practically all the 4-0 -  

methylglucuronoxylall. The residual wood 
is then extracted with sodium hydroxide 
containing borate wl-licli complexes with, 
and removes most of the glucomannan 
(Joncs et al. 1956; Hamilton and Quimby 
1957), leaving crude a-cellulose. The glu- 
comannan call be purified either as a com- 
plex with barium hydroxide or as a copper 
complex that results when Fehling's solu- 
tion is added to an alkaline solution of the 
glucomannan. Elcctrophoresis experiments 
indicate that these polysaccharides are es- 
sentially homogeneous. Physical method!: 
of analysis (os~nometry, etc.) indicate that 
they are composed, in the main, of about 
100 sugar residues linked together in a 
linear fashion. The ratio of glucose to man- 
nose in glucomannan is ca. 1:2 except in the 
genus Betzllu where it is ca. 1 : l  (Timell 
19611) ) . 

\/lethylation studies ( h4ian and Titnell 
1960) on thc gluco~n:~~lnan from rc-d maple 

OCH 

2,3 ,6 -  tri -0-methyl- 2,3,6- tri-0-methy l- 

D - glucose D-mannose 

FN:. 9. Hydrolysis of mrthylated g l ~ ~ c o t i i a ~ l ~ l a ~ ~ .  
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FK:. 10. Degradation of glucomannan using the pl.ocedrrre of F. Snlith. 

ha\,e shown that the sugars are 1-4 linked 
since after methylation and hydrolysis both 
2,3,6-tri-(~-methyl-~-g1~1cose and 2,3,6-tri-0- 
methyl-D-inannose were produced together 
with small amounts of 2,3,4,6-tetra-0- 
mctIryl-11-glucose, which results from the 
nol~reducillg end of the polysaccharide (Fig. 
9). The negative rotation (ca. -30") of the 
polymer indicated that the sugars were 
linked 11y P-glycosidic linkages. Further 
evidence on this point resulted when the 
gluconln~~nan from red maple was sut~jected 
to graded hydrolysis by dilute formic acid 
( h l i m  and Timell 1960 ) . From the hvdro- 
lysis mixture the following sugars were 
isolated and identified: n-glucose ( G ) ,  
11-nrannose (M),  4-0-(P-~-1nannopyranosyl)- 
~>-n~annose ( M-M ) , 4-0-P-(~-inai1rlopyrail- 
osy 1) -D-glucose ( M-G) , 4-0-( P-D-glucopy- 
ranosyl) -D-inannose ( G-M ) , 4-0-  (P-D-glu- 
copyranosyl ) -u-glucose ( G-G ) and 0-P-u- 
rnannopyranosyl-(1+4)-0-PP~-n~;~i1~~ol~yr:~~~- 
osyl-( 1-4)-D-mannose ( hll-M-M ) . These 
r e s~~ l t s  indicate that the sugars are probably 
randomly joined to one another in the linear 
polysaccharide chain. This suggestion was 
supported when maplewood glucomannan 
was degraded by the Smith and hlont- 
go~nery ( 1959 ) procedure: i.e., ( L ) oxida- 

tion of the polymer by periodate ( 2 )  
reduction of the product with sodium boro- 
hydride followed by ( 3 ) controlled hydro- 
lysis with cold dilute acid (cf. Kooimail and 
Ada~ns 1961 ) . There resulted glycolalde- 
hyde, erythritol, and traces of glycerol pro- 
duced from the nonreducing end of the 
polysaccharide ( Fig. 10) .  Thus glucoman- 
nan resem1,lcs a low molecular weight cel- 
lulose fraction in which two out of three 
D-glucose residues have been replaced in a 
random fashion by 11-mannose residues 
(Fig. 11).  

CONCLUSION 

This brief account of the chemistry of t h ~  
hemicelluloses from hardwoods illcludes 
very little i~~fornration on the major hard- 
wood species found on southern pine sites 
in Louisiana. I t  is evident that mucll 
further research is required if the chemistry 
of these trees is to be clarified. Moden-, 
techniques in car1)ohydrate chemistry 
should very muclr simplify and expedite 
this work. 

Although elucidation of all details of 
southern hardwood hemicellulose clie~nistry 
has not I ~ e e ~ l  obtained, much l~ackground 
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G = D-GLUCOPYRANOSE 

M= D- MANNOPYRANOSE 

1 1 1  Possil)le partial structures of glucomannan from red maple. 

research on methods to extract hemicellu- 
loses with a minimum of aromatic contam- 
inants has been done. For example, Case- 
bier e t  al. (1973a, b )  have outlined the 
conditions to remove hemicelluloses from 
black gum (Nyssu  bifloru) using water pre- 
Ilydrolysis. Of course sr~ch methods of ob- 
taining he~nicelluloses result in mixtures of 
oligosaccharides, sugars, acids, etc. These 
heterogeneous mixtures will require separa- 
tion before thev are suitable for manv sub- 
seqllent chemical processes that often can- 
not tolerate mixtures. 

Illdustrial use of hemicelluloses is pos- 
siblc, depending on the ultimate ecollornics 
of any such venture after the problems of 
separating the sugar mixtures have been 
solved. As an example, while methods for 
productioll of furfural are available, pro- 
duction of fulfural in conjunction with 
prehydrolysis kraft pulping of hardwoods at 
any givcw kraft mill will depend on size and 
locatioll of the fusfural marketplace, freight 
costs, cost of adding the fusfural production 
capal~ility to the pulp mill, and additional 
expenses directly incurred in furfurnl pro- 
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