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1. INTRODUCTION

The great majority of plants contain starch reserves,
although Compositae and Gramineae contain fructose poly-
saccharides as their main reserve carbohydrate. Other
plant reserve polysaccharides have attracted little atten-
tion!-3, but recently heteropolysaccharides, particularly
galactomannans and glucomannans, have been studied
successfully. The structure of known galactomannans and
glucomannans has been further elucidated, and new com-
pounds of this type have been discovered. These polysac-
charides are of interest to industry as well as in terms of
organic chemistry (in relation to their structure and
properties) and comparative, or evolutionary, bio-
chemistry. Some of them are foodstuffs, especially in
oriental countries; on account of their high viscosity,

1 This article is a revised and supplemented version of the
author's report at the First International Colloquium on Carbo-
hydrate Biochemistry at Gif-sur-Yvette, France, in July, 1960,
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others are used in the foodstuffs, pharmaceutical, paper,
and tobacco industries, etc. Although such use is exten-
sive abroad, especially in the USA, little attention has been
paid in the Soviet Union to the extraction and use of these
valuable compounds; the rich Soviet flora might well pro-
vide the excellent emulsifiers and gums, etc., needed by
many industries.

This review considers work done on reserve galacto-
mannans and glucomannans after 1952, earlier work being
described in Whistler and Smart's monograph, Indust-
rially important galactomannans, recently reviewed®~8, are
described only shortly here.

O. NATURAL DISTRIBUTION OF GALACTOMANNANS
AND GLUCOMANNANS

Appreciable quantities of galactomannans occur in the
endosperm of bean seeds (Leguminosae), and smaller
quantities in the seeds of palms (Pabnaceae) and madder
(Rubiaceae)®. Glucomannans have long been known as
reserve polysaccharides in the tubers of different species
of Amorphophallus (Araceae)*, and in some orchids
(Orchidaceae) ®>'° they have recently been extracted from
the bulbs of some lilies (Liliaceae) and from iris seeds
(I7idaceae) (Tables 1 and 2, pp.273 and 275). The hetero-
polysaccharides sometimes occur together with starch, as
in lily bulbs, or they may appear as the sole reserve poly-
saccharide (e.g., eremuran). They occur to varying
extents, but some plants are very rich in them; about 35%
of the seeds is composed of the galactomannans guaran and
caroban, and the content of the glucomannan eremuran may
be 30% of the dry weight of the rhizomes.

On account of insufficient study, the distribution of
galactomannans and glucomannans is probably much wider
than is now apparent. Some older data based on the sepa-
ration of these heteropolysaccharides ®s1° should be checked,
however, since inadequate procedures leave open the
possibility that mixtures of homopolysaccharides, separ-
able only with difficulty, were in fact obtained.

III. EXTRACTION AND PURIFICATION

Extraction with cold water or alkali, and precipitation
with ethanol of varying concentration, is used to separate
galacto- and gluco-mannans in dependence on solubilities.
Monosaccharides and amino-acids are sometimes extracted
first with methanol, the raw material then being dried.
Galactomannans and glucomannans have for many years
been purified through precipitation of their sparingly sol-
uble copper complexes, formed when Fehling's solution is
added to the polysaccharide solution, on account of the
cis-hydroxyl group in the mannose residues. Special in-
vestigation showed that galactans, accompanying galacto-
mannans in Nux vomica, remain in solution on such treat-
ment!; it is hard to say whether such separation is
generally complete. Fractionation of the polysaccharides
of hemicellulose by means of barium hydroxide was
recently proposed?!?; this forms complexes with galacto-
mannans and glucomannans, apparently on account of the
cis-hydroxyl groups therein. These complexes are soluble

in dilute acids and water, but not in organic solvents or the
cupric ethylenediamine complex. The separation of poly-
saccharides by means of Cetavlon} (cetyltrimethylammon-~
ium bromide) seems to be of great promise!3; Barker and
coworkers suggest that precipitation is due to interaction
between Cetavlon and the borate complexes formed by the
cis-hydroxyl groups of the mannose residues in mannans
and galactomannans.

Although electrophoresis of neutral polysaccharides§ is
described in the literature !4, this method has been used
only recently for purifying and fractionating galactoman-
nans and glucomannans; the electrophoresis of polysac-
charides on fibreglass paper in an alkaline medium is of
great interest!®. The authors consider fibreglass paper
to have an advantage over cellulose paper in that no com-
plexes are formed between glass fibres and polysaccha-
rides, so that the localisation of all types of the latter is
facilitated. The great majority of the polysaccharides ex-
amined were heterogeneous; two components were found in
the galactomannans in particular (guaran and another),
while glucomannans such as konjac mannan and Iles mannan
also appeared to be heterogeneous. Electrophoresis was
conducted in a borate buffer (pH 9—10) or in 2 N NaOH or
KOH solution, so that association of polysaccharide mole-
cules was minimised. The movement of polymeric carbo-
hydrates on glass paper apparently depends on the ionisa-
tion of hydroxyl groups under the influence of the alkaline
electrolyte. It is difficult to evaluate such a separation
briefly; unless some sort of artefact arises, such as an
alkali-induced transformation, the indications produced of
the heterogeneity of a series of polysaccharides will com-
pel us to modify our concepts of their structure.

IV. PROPERTIES

Individual properties appear in Tables 1 and 2 and in the
descriptions below of particular galactomannans and gluco-
mannans; the following is only a general survey.

Solubility. Most galactomannans and glucomannans
are soluble in cold or hot water or alkaline solutions, but a
few have to be dissolved in concentrated sodium xylene-
sulphonate solution. Alkali, as in Fehling's solution used
for purification, often induces loss of solubility. Solutions
yield gels, or coagulate, on the addition of boric acid or
salts of heavy metals?; a solution of konjac mannan coagu-
lates on the addition of Congo red, and cools to a gel after
being heated on the water-bath with this dye .

Viscosity. The high viscosity of solutions of some
of these polysaccharides has been much studied recently,
being the basis of their industrial use. Thus, the viscosity
of guar sols is more than doubled on reaction with formal-
dehyde ?; the viscosity of the gum from guar and acacia
beans has been compared with that of other gums18,'% and

§ On treatment of a mixture of 250 mg mannan and 250 mg gly-
cogen with equal volumes of 10% Cetavlon solution and 1% borate
buffer (pH 8.5), 204 mg of mannan separated, yielding only man-
nose on hydrolysis.

§ In 0.05 M borate buffer in Tiselius' apparatus, one of two
components of yeast mannan had an electrophoretic mobility of
8.8 x 10 ¢cm?Vsec™!, and the mannan A of stone walnut, 5.6 X
x 10%em?Vsec™. Electrophoresis of the glucomannan eremuran
was carried out in Tiselius' apparatus under the same conditions,
in our laboratory (p.277).
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the viscosity and elasticity of konjac mannan gels after
thermal treatment has been studied2°-22, The viscosity of
gums of the mannan type is lowered more than six times by
boiling with aqueous hydrogen peroxide containing 50—90%
of a lower aliphatic alcohol such as butanol or methanol,
and a small quantity of sodium carbonate 2,

Infra-red absorption. Galactomannans and
glucomannans have been studied little in this respect. Of
the infra-red spectra of water-soluble gums, only those of
acacia bean and guar flour gums have been obtained®. The
infra-red spectrum of a glucomannan, of unspecified
source, was described by Barker?, The author of the
present article used infra-red spectroscopy in the study
of the glucomannan eremuran, whereby fractions were
identified and the presence of mannose and g-glycoside
links was established (p.277).

Reaction with iodine. Indications appear inthe
literature that most galactomannans and glucomannans give
no colour with iodine, but they are sometimes less positive,
e.g. “the polysaccharide does not give a blue colour with
iodine” (p.275). A glucomannan isolated by us, eremuran,
gave a red-brown colour with iodine, showing beyond doubt
that it was a heteropolysaccharide (p.277). Recently, the
mechanism of the reaction between polysaccharides of the
amylose type and iodine, involving a spiral structure, has
become much clearer, but little is known yet with regard
to branched polysaccharides, especially those having other
than g-1,4-links. Earlier we established successfully a
dependence of the iodine reaction on molecular weight, for
a given degree of branching, for synthetic glycogens 2¢ and
amylopectins?’, Detailed study of the structures of some
of the polysaccharides mentioned below may be a new basis
for elucidation of the iodine reaction.

V. STRUCTURE

To elucidate the structures of galactomannans and glu-
comannans the usual polysaccharide methods are used;
these give unusual results in only a few cases, where the
configurational similarity of glucose and mannose epimers
is involved.

Hydrolysis to the structural components is usually
effected with sulphuric acid, or sometimes with formic
acid; the resulting formic esters are then hydrolysed.

The components are identified by paper chromatography
(using as solvents butanol—ethanol—water, ethyl acetate—
acetic acid—water, butanol— pyridine— water; etc.) or by
means of crystalline derivatives such as mucic acid,
mannose phenylhydrazone, and the glucoside of p-nitro-
aniline. Cellulose is normally used as adsorbent for the
column chromatography of hydrolysates. The possible
epimerisation of mannose and glucose must be borne in
mind during analysis, especially if the latter is quantita-
tive 28,29, Polysaccharides methylated, as a rule, by
repeated treatment with dimethyl sulphate and alkali, and
then with methyl iodide, have recently been more uniformly
fractionated by means of chloroform and hexane. Cleavage
of the methylated polysaccharides is usually effected by
methanolysis (2—5% HCI1) and subsequent hydrolysis of the
glycosides, or, less often, by hydrolysis with formic acid
and subsequent hydrolysis of the esters. The methylated
sugars are separated by paper chromatography in solvents
such as butanol— ethanol—water or benzene—ethanol—water,
or by chromatography on columns of cellulose and/or hy-
drocellulose in benzene—ethanol or butanol—ethanol—water.
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Corresponding methyl derivatives of glucose and mannose
cannot usually be separated by chromatography; they are
usually demethylated with hydrobromic acid, the free
glucose and mannose being separated by chromatography or
by paper electrophoresis3%3l  or as crystalline derivatives
directly from their mixture. Thus, 2,3, 6-tri-O-methyl-
glucose crystallised from a trimethylhexose fraction after
seeding, and after oxidation the mother-liquor yielded the
phenylhydrazide of tri-O-methylmannonolactone. Estima-
tions in such cases are based on optical activity. Alter-
natively, the whole of the mixture might be oxidised and the
lactones separated by chromatography and converted to
crystalline derivatives such as 2, 3, 6-tri-O-methylmanno-
namide32, Rebers and Smith3 proposed a most interesting
method involving the treatment of 2,3, 6-tri-O-methylated
mannose and glucose with cold methanolic- hydrogen
chloride; methyl 2, 3, 6-tri-O-methylglucofuranoside
readily forms, and moves rapidly on the chromatogram,
The planarity of the furanoside ring makes the conditions
very unfavourable for formation of methyl 2,3, 6-tri-O-
-methylmannofuranoside, with cis-methoxy groups at Cg,,
and Cg,. According to Wickberg®*, methylated man-
noses and glucoses may be separated by chromatography
after acetylation of the free hydroxyl groups. Methylated
sugars are usually estimated with hypoiodite.  Data
obtained by means of methylation are often verified by
means of periodate oxidation, but continuous formation of
formic acid is sometimes observed, and this method be-
comes invalid. Recently more study has been made of
polyaldehydes, formed on the periodate oxidation of poly-
saccharides, and also of the polyalcohols which they yield
on sodium borohydride reduction.

Optical activity and its modification by hydrolysis indi-
cates the nature of a- and g-glycosidic links; infra-red
spectra and enzymatic methods have found little application
as yet in the study of glycosidic links in galactomannans
and glucomannans.

Partial hydrolysis of polysaccharides, for the separation
and identification of oligosaccharides, is usually effected
by acetolysis after conditions have been established which
give the maximum yield. Oligosaccharides are usually
separated on carbon—Celite and cellulose columns. Control
experiments are conducted to ensure that oligosaccharides
have not formed by a partial reversion process during the
hydrolysis of the polysaccharides.

Despite the widely differing galactose : mannose ratios,
nearly all the galactomannans studied hitherto have much in
common structurally; to a chain of mannopyranoside
residues, with mainly glycosidic 3-1,4-linkages, galactose
residues are joined as end-groups, apparently mainly by
a-glycosidic linkagesT:

Galp

t
6
—L—4 Manp 1.Jx—1[4 Manp 1, -

Some exceptions are known, however. A few glucose end-
-groups may accompany the galactose residues as branches
of the main polymannoside chain in the galactomannan of
Kentucky coffee beans (p.274).

(1)

Glucomannans have been studied much less than galacto-
mannans; oligosaccharides from particularly few polysac-
charides have been separated and examined. The best

T p = pyranoside residue.
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studied glucomannan from Amovphophallus oncophillus con-
tains an unbranched chain of glucopyranoside and mannopy-
ranoside residues, bonded mainly by -1, 4-glycoside
linkages; the glucose residues are in groups of two or
more (p.275), as apparently are the mannose residues.
the other glucomannans studied appear to be branched to
varying extents; many g-1, 4-glycoside linkages are found
in most of them. The end-groups are mainly glucose
residues in some glucomannans (lily bulbs, p.276), mainly
mannose residues in others (Licoris radiata bulbs, p.276),
and a combination of these in others (Amorphophallus
konjac, p.275).

All

VI. INDIVIDUAL COMPOUNDS
A. Galactomannans (Table 1)
1. Guaran; this, one of the best studied galactomannans,

constitutes about 35% of the endosperm of seeds of
Cyamopsis tetragonolobus (Leguminosae), and is one of the

TABLE 1, Galactomannans.*
Source u s [a]Do ‘ o
N 2 hy lated
. . t of ‘ame aj methylate
family species p:|ru"t: D b E ':;, derivative “
OEZ o
1 Legumi-| Cyamopsis tetra- seeds | guaran 4-53° 1:2 42° 36,37,38
nosae {gonolobus (NaOH (chloreform)
(guar) solution)
2 » Ceratonia silique » caroban 1:3—4 4
(impure)
3 » Trigonella foenum >
graecum
(fenugreek) +70°410°1 5:6 11,39, 40
{water)
4 > Lucerne (var. pro- » +118%411°| 4:5 | +66°43° | 41,40
vensa) (water) (chloroform)
5 » Trifolium pratense » +78%11° | 7:9 | +76°42° | at
.. . (water) (chloroform)
6 > Gymnocladus dioica] +29° 1:4 0° 43
(Kentucky coffee (water) (acetone)
bean)
7 » Glicina hispida bean +63° 2:3 4580 44
husks (water)
8 Palma- | Borassus seeds of]| - 1:2.83 45
ceae flabillijer L. fruit

* All the galactomannans were purified by means of copper com-
plexes except 6, which was purified by means of the acetyl deriva-
tive.

most important industrial gums on account of its high vis-
cosity?. It contains galactose and mannose in the ratio
1:2, the extent of branching in the molecule is indicated by
the large quantity of formic acid formed on periodate oxida-
tion. Tosylation confirms this result and indicates the
presence of 1,6-branches. Investigation of the strength of
guaran triacetate films, and X-ray examination of films of
dry guaran, show the side-chains to be very short.  The
hydrolysis of trimethylguaran yielded equimolecular quanti-
ties of 2,3, 4, 6-tetra-O-methylgalactose, 2,3,6-tri-O-
-methylmannose, and 2,3-di-O-methylmannose. Soon
after 1950 it was concluded from these data that guaran
contained a polymannoside backbone with 1, 4-linkages, a

galactose residue being connected by a 1, 6-linkage to every
other mannose residue, on the average:

CH,OH CH,OH
Ho A o Ho At O\ H
Kow v b KNow
H ou? ? w
4 CH, H u Q“CH, H H
o] W H Q [
W 0= 61 wo H 0 /0H HO
SN Z N . o N\oH Ho o N o
o
H H CH,OH H H CH,OH
B c £ F

This structure was confirmed by partial acid and enzymatic
hydrolyses, with subsequent separation of oligosaccharides
and determination of their structure. Firstly, disacchar-
ides were isolated: 4-0O-B-D-mannosyl-D-mannose, appa-
rently from the units BC(EF) or CE®, and 6-0-a-D-galac-
topyranosyl-D-mannopyranose, apparently from AB and
DE%, Trisaccharides were later also isolated; enzymatic
hydrolysis of guaran{ gave 65% of monosaccharide product
and 7.5% of a crystalline mannotriose, O-g-D-mannopyra-
nosyl-(1 —4)-0O-g-D-mannopyranosyl-(1 —4)-0-g-D-man-
nopyranose 37, probably from units BCE or CEF. The
structure of the triose was established by means of period-
ate oxidation, by partial hydrolysis to mannose and man-
nobiose, and by reduction to glycitol and acetylation.
Finally, partial acid hydrolysis of guaran gave a 13.1%
yield of a new crystalline trisaccharide, O-a-D-galacto-
pyranosyl-(1 —6)-0-g-D-mannopyranosyl-(1 —4)-D-man-
nopyranose, from ABC and DEF; the structure of this has
been demonstrated3®., The fragment CED, while theoreti-
cally possible, has not yet been isolated, but the data given
adequately confirm the above formula (I). As with the
structure of other carbohydrate polymers, it must be asked
to what extent the proposed formula, based on mean results
for many molecules, represents the structure of the single
molecule with respect to the regularity of branching. Study
of the mechanism of this polysaccharide's biosynthesis may
clarify this problem. The molecular weight of guaran
triacetate is 220 000 (osmometer)4,

2. Caroban; this, the galactomannan of acacia beans,
Cevatonia siliqua (Leguminosae), constitutes about 889 of
commercial gum, of which the beans contain about 35%.
Commercial locust bean gum, known also as pigs' bread,
etc., is of wide industrial application in countries such as
the USA. Reports of the galactose : mannose ratio differ
from 27:73 to 14:86.* Hydrolysis of fully methylated
caroban yielded 2, 3, 4, 6-tetra-O-methylgalactose (1 mole),
2, 3, 6-tri-O-methylmannose (between 2 and 4 moles repor-
ted), and 2, 3-di-O-methylmannose (1 mole):. These data,
and those from periodate oxidation, indicate that caroban
is a polymannoside, like guaran, but with few galactose
residue side-chains:
Galp

1

|

&

—4 Manp 1—[4 Manp 1]y o 4

The molecular weight of caroban is 310000.4

3. The galactomannan from fenugreek seeds
(Trigonella foenum graecum), extracted in 1932 by Daoud®,
was recently examined carefully by Andrews and co-
workers!!, The galactomannan, comprising 13.6—~15% of

T The fraction of the enzyme from germinating guar seeds was
used which was precipitated by 20~-30% ammonium sulphate solu-
tion.
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these seeds, was extracted with cold water and purified by
means of the copper complex. Crystalline galactose and
mannose were obtained in the ratio 5:6. Hydrolysis after
complete methylation yielded 2, 3, 4, 6-tetra-O-methylgalac-
tose, 2,3-di-O-methylmannose, and 2, 3, 6-tri-O-methyl-
mannose in the ratio 5:5:1. The tetra-O-methylgalactose
was identified chromatographically and also characterised
as the anilide; the methylmannoses were characterised,
after oxidation with bromine water, as the crystalline lac-
tones and as the hydrazides of the corresponding acids.
Periodate oxidation confirmed these results, the yield of
formic acid indicating 43.6% of end-residues (methylation
gave 43.3%). This galactomannan is therefore similar in
general structure to guaran and caroban, having a poly-
mannoside chain with 1,4-links, to the C(;, atoms of which
galactose residues are connected through C,,, forming
short side-chains or end-groups. The difference from
guaran lies in the greater degree of branching and the
greater content of galactose end-groups. A possible
structure is: ’
Galp
1
N

6
‘—Li Manp 4}5 — 1 Manp 4—

supported*® by the partial acid hydrolysis of the compound
to the following oligosaccharides. (a) 4-O-B8-D-manno-
pyranosyl-D-mannose, (b) 6-0-a-D-galactopyranosyl-D-
-mannose, and (c) the mannotriose O-8-D-mannopyrano-
syl-(1 —4)-0-p-D-mannopyranosyl-(1 — 4)-D-mannose.

4. The galactomannan from lucerne seeds
(Provensa) was obtained in a yield of about 5.5% by ex-
traction with hot water?!, and purified by means of the
copper complex. Its aqueous solution gives no colour with
iodine. Galactose and mannose are contained in the ratio
4:5, Methylation and hydrolysis yielded 2, 3, 4, 6-tetra-
-O-methylgalactose, 2,3, 6-tri-O-methylmannose, and

2, 3-di-O-methylmannose in the ratio 4:1:4, the methyl-
ated sugars being separated on a hydrocellulose column
and identified as crystalline derivatives. The extent of
branching is very large, almost every residue in the poly-
mannoside chain having a gelactose residue as a branch
from C(,. Periodate oxidation indicated 43.7% galactose
end-residues (methylation gave 44.2%). About 10% of un-
changed mannose was foundin the hydrolysate of the galac-
tomannan after “complete” periodate oxidation, indicating
that in a highly branched structure periodate has less easy
access to the mannose residues, and oxidation of these at
C¢y and C, is slower. More prolonged attack of an
excess of NalO, at pH 7 oxidised the mannose fully, the re-
sultant data then agreeing exactly with those obtained by
methylation. A possible structure for this compound is:

Galp
1
6
1 Manp 4— |4~ Maap 4—

Recent partial acid hydrolysis of this compound yielded the
crystalline oligosaccharides: 4-0-8-D-mannopyranosyl-
-D-mannose, 6-0O-a-galactopyranosyl-D-mannose, and
O-B-D-mannopyranosyl-(1 —4)-0-g-D-mannopyranosyl-
-(1 —4)-D-mannose. This supports the above structure
and refines our conception of the character of glycosidic
bonds #°.

In 1947 extraction of another lucerne (Medicago sativa)
with hot 10% NaOH solution yielded a galactomannan with a
unique high galactose content, twice as large as its man-
nose content4?, Data from methylation implied that half
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the galactose constitutes all the end-residues and the rest
enters with the mannose into the backbone. However, the
compound was later shown to be a polysaccharide mixture,
largely composed of a galactomannan similar in structure
to guaran*??,

5. The galactomannan from clover seeds
(Trifolium pratense), extracted with hot water and purified
by means of the copper complex, is very similar to that
from lucerne (Provensa)*'. The galactose: mannose ratio
is 7:9. Methylation and hydrolysis yields 2, 3, 4, 6-tetra-
-O-methyl-D-galactose, 2,3,6-tri-O-methyl-D-mannose,
and 2, 3-di-O-methyl-D-mannose in the ratio 7:2:7. Thus,
as with the Provensa galactomannan, almost every residue
in the polymannoside chain bears a galactose residue
branch, bonded by a 1, 6-link. No oligosaccharides were
obtained from this compound.

6. The galactomannan from Kentucky coffee
bean seeds (Gymnocladus dioica) was extracted with
alkali and purified as the acetate?®, Viscous solutions of
the compound give precipitates with Fehling's solution, and
gels with small amounts of borax. Galactose and mannose,
identified as the methylphenylhydrazone and.the phenyl-
hydrazone respectively, are contained in the ratio 1:4.
Methylation and hydrolysis yields 2, 3, 4, 6-tetra-O-methyl-
-D-galactose (1 mole), 2,3, 6-tri-O-methyl-D-mannose

(3 moles), 2,3-di-O-methylmannose (1 mole), and 3.3%
2,3,4,6-tetra-O-methylmannose. A possible unit for the
main part of this compound is:

Galp
1
|

6
—4 Manp 1—{4 Manp 1]5—

The 2,3, 4, 6-tetra~-O-methylmannose may arise from the
end-residue of the polymannoside chain, but its percentage
would then imply a chain of about 30 residues, and there-
fore reducing properties, which are not in fact observed.
It is therefore more likely that on the average one mannose
end-group per thirty hexose residues accompanies the
galactose end-groups. Periodate oxidation supports this,
one molecule of formic acid appearing per five hexose
residues with the adsorption of 6 moles of periodate.

7. The galactomannan from soya-bean husks;
the husks, after extraction with acetone, are then extracted
with water at 40°. The product obtained in 2% yield is
purified as the copper complex*. Crystalline galactose
and mannose are obtained in the ratio 2:3, (compare 1:2
in purified guaran, 2:3 in impure guaran). 2,3,4,6-tetra-
-O-methylgalactose, 2,3,6-tri-O-methylmannose, and
2, 3, -di-O-methylmannose are obtained from the methylated
compound in the ratio 2:1:2. These data imply a poly-
mannoside backbone as in guaran and other galactomannans,
with two 1, 6-linked galactose branches to every three 1, 4-
-linked mannose residues, on the average:
- Galp

]

"

6

1 Mang 4d2—1 Manp 4—
Such a structure should need 1.4 moles periodate per an-
hydrohexose unit, to give 0.4 mole formic acid; the actual
quantities are 1.2 moles and 0.37 mole. The authors sug-
gest the presence of 3-links in the polymannoside chain,
and the a-configuration of the galactose residues. The
polysaccharide has a molecular weight of 32 000, much
lower than that of guaran.
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8. The galactomannan from palm-fruit
kernels (Borassus flabellijer L.) was obtained* by ex-
traction with hot 10% NaOH solution after the raw material
had been dehydrated, treated with 80% alcohol to remove
free sugars, and dried. The polysaccharide, purified by
means of its copper complex, was hydrolysed; the galac-
tose and mannose, produced in the ratio 1:2.83, were
identified chromatographically and by conversion into
mucic acid and a phenylhydrazone respectively. The struc-
ture of the polysaccharide was not investigated.

Glucomannans from Amovphophallus species of the
Avaceae family are the best known, but there is not yet
sufficient proof that they are not mixtures of homopoly-
saccharides.

B. Glucomannans (Table 2)

1. The glucomannan from tubers of Amorpho-
phallus oncophillus, plants growing in Indonesia, etc.;
flour containing about 40% by dry weight of polysaccharides
is prepared from these tubers. It was shown in 1954 that
Iles mannan, extracted from these tubers, is a mixture of

TABLE 2. Glucomannans.*
Source e
Glucose: [‘l}D of g
famil . part of Name ldlp mannose | methylated s
amily species plant ratio derivative o
o
Araceae | Amorphophallus | tubers —21.3° (1:2 —4° 33,46
oncophillus (water) (chloroform)
» Amorphophallus » konjac —38° 12:3 —19° 4,49,50
konjac mannan | (water) (chloroform)
Liliaceae | Lilium candidum| bulbs - —26° 1:1.83 — 32
» L. henrii » — —21° 1:1.93 —23° 32
» L. umbellatum > . —25° 1:2.00 —20° 32
Amaril- Licoris radiata » khiganb — 1:4 —30.46° 52,53
lidaceae mannan (chloroform)
Liliaceae | Eremurus rhizomes|eremuran | —30°42° | 1:2 —87°+6° | 5457
regelii 0.1 N (water)
NaOH)
Iridaceae | Iris ochroleuca | seeds — —25%42° | 1 :1%* —9° 58
(2N NaOH (chloroform)
» 1. sibirica » — —26°3° | 1:1%* —11.1° 58
(2N NaOH) (chloroform)

* All the glucomannans were purified by means of copper com-
plexes.
** These polysaccharides contained 97% and 98% of (glucose +
+ mannose) and 1-2% of galactose (p. 277).

a glucomannan and a polyglucosan, resembling amylose, in
a ratio of about 6:1.3 On account of the low solubility of
the glucomannan in water and NaOH solution, it was dis-
solved in 50% sodium xylenesulphonate solution; the re-
sultant gel dissolved in 30% aqueous NaOH to givea solution
stable to dilution and to neutralisation with acetic acid.

The glucomannan may be fractionally precipitated from the
diluted alkaline solution with Fehling's solution, the poly-
glucosan remaining dissolved. The glucomannan thus ob-
tained is stable in aqueous solution, but polysaccharide is
deposited on boiling; it gives no blue colour with iodine. A
more complete separation of the polysaccharides was
effected by methylation and subsequent repeated recrystal-
lisation from ethanol or acetone; as the solvent cooled, the

solid separating was richer than the solution in the methyl-
ated glucomannan., Hydrolysis of the latter was slow, in-
dicating the pyranoside nature of the hexose residues, and
gave a mixture of 2,3, 6-tri-O-methylglucose and 2, 3,6-
-tri-O-methylmannose, inseparable by chromatography.
The ready conversion of the glucose derivative to the
methyl glucofuranoside afforded a separation, since the
non-reducing methyl 2, 3, 6-tri-O-methylglucofuranoside
moved faster on a hydrocellulose—cellulose column than
did the 2, 3, 6-tri-O-methylmannose mixed with it. Both
trimethylhexoses were identified by means of their rotatory
power and the formation of crystalline di-p-nitrobenzoates.
The 2, 3, 6-tri-O-methylglucose: 2, 3, 6-tri-O-methylman-
nose ratio, and hence the ratio of the free sugars in the
hydrolysate, was 1:2. The absence of di- and tetra-
-methylhexoses shows this glucomannan to be an un-
branched chain with 1, 4-glycoside links; the increased
rotation on hydrolysis indicates the predominance of g-
-glycoside links. The following structures are therefore

possible:
—[1BD Manp 4—1BD Manp 4—1BD Gp 4],— (A)
—[BD Gp 4—1;—[1BD Manp 44 (B)
—[B8D Gp 4—1BD Manp 4L, —{{BD Manp 4], (C)

Recently, acetolysis of the glucomannan under special con-
ditionsi gave a mixture from which three crystalline di-
saccharides were separated?: (1)4-0-p-D-glucopyranosyl-
-0O-a-D-mannopyranose (I, below), identified by means of
its physical constants, by oxidation with bromine water and
hydrolysis to glucose and mannonic acid, and by conversion
to an octa-acetate; (2) cellobiose (II, below), identified by
means of its physical constants, by conversion to an octa-
-acetate, and by the action of g-glucosidase to give glucose
alone; and (3) 4-0-g-D-mannopyranosyl-O-a-D-glucopyra-
nose (III, below). The structure of the last new disaccha-
ride was partly established by oxidation with bromine and
hydrolysis, to give mannose and gluconic acid, and by
methylation and hydrolysis to give 2, 3, 4, 6-tetra-O-methyl-
mannose and 2, 3, 6-tri-O-methylglucose:

CH,0M CH,OH CH,OH CH,OH
u A o v O\ H H A o Y O\ on
0 0
"
G on oA HONOH 1A on w
oH HooH H O i OH
n an
CH,OH CH,0H
H o H Oy
H o H
OH H OH H
HO 2 H/on
H H  OH

i

If the units represented by (I)—(III) above are repeated
regularly, then these results force us to reject (A) and (C)
(since cellobiose was obtained) in favour of (B), replication
of which makes production of all three disaccharides pos-
sible. {B) should, however, give rise to mannobiose and
mannotriose, which have not yet been found. The authors
assume the links between mannose units to be broken more
readily than the others on acetolysis. (B) may be accep-
ted, or other structures sought, on the results of searches
for other oligosaccharides in acetolysis and hydrolysis pro-
ducts.

2. The glucomannan from tubers of Amorpho-
phallus konjac (or Conophallus konjac Schott), known for

1 Under these conditions a 30% yield of oligosaccharides was
obtained,
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many years as “konjac mannan”; this is the main polysac-
charide in “konjac flour”, prepared from the macerated,
dried, and ground tubers* and widely used for food in Japan
and other countries. The polysaccharide may be extracted
with water? at 1.5 atm. Preliminary study, mainly by
Japanese workers, showed the glucose : mannose ratio in
konjac mannan to be 1:2, although it may vary. The ac-
tion of spore-bearing bacteria from “konjac flour” on the
mannan yielded the polysaccharide levidulin, consisting of
one glucose to two mannose residues??’, A similar or
identical trisaccharide, named levidulinose, was obtained
by the action of Taka-diastase®, and the acetolysis of kon-
jac mannan yielded a similar trisaccharide*?. For none of
these trisaccharides was a structure established. Hydro-
lysis of methylated konjac mannan yielded 2, 3, 4-tri-O-
-methylglucose, 2,3, 4-tri-O-methylmannose, and 2, 3, 6-
-tri-O-methylmannose; on this basis a structure was
suggested involving an unbranched chain with a predomin-
ance of 1,6-links %9,

Recent studies 5° have utilised hitherto inaccessible
techniques. Hydrolysis of the polysaccharide, purified by
means of the copper complex, gave glucose and mannose in
the ratio 2:3§. Methanolysis and hydrolysis of the fully
methylated glucomannan yielded 2, 3, 4, 6-tetra-O-methyl-
glucose, 2,3, 4, 6-tetra-O-methylmannose, 2,3, 6-tri-O-
-methylglucose, 2,3, 6-tri-O-methylmannose, 2,6-di-O-
-methylglucose, and, apparently, 2,6-di-O-methylman-
nose. The ratio, tetra-:tri-:di-methylhexose was 1:11:
:1, indicating a mean chain length of approximately 13; the
ratio tetramethylglucose : tetramethylmannose was 2:3, in
agreement with the ratio of the free sugars in the hydrolys-
ate of the initial polysaccharide. The tetramethylhexoses
were not separable, but after demethylation with hydrobro-
mic acid the free sugars were easily separated by chroma-
tography and electrophoresis on paper. The trimethyl-
hexoses and dimethylglucose were identified by means of
the di-p-nitrobenzoates and the trinitrobenzoate respec-
tively.

These data are not in accordance with the structure
based on earlier work by Nishida?®; the polysaccaride is
branched, not linear, with mannose as well as glucose
residues as end-residues; 1,4-glycoside links, not 1, 6-
-links, predominate in the backbone; thelow rotatory power
of konjac mannan and its methylated derivative imply that
they are g-links. This new structure, based on methyla-
tion studies, is supported by: (1) data from periodate oxi-
dation; the chain length was found to be 11, some hexose
residues at the branching point being unoxidised; and
(2) study of hydrolysis products from the polyalcohol, ob-
tained by sodium borohydride reduction of the polyaldehyde
to which konjac mannan is oxidised by periodate. = The
ratio of glycerol, formed from end-residues, to erythritol,
formed from hexose residues between branching points,
was 1:15.

3. The glucomannan from lily bulbs, comes
from three types®2: Liliwm candidum, L.henvii, and
L.umbellatum; macerated bulbs were treated with metha-
nol to remove mono- and oligosaccharides and amino-acids,
dried, and ground. The glucomannans were extracted with
cold water, and precipitated and reprecipitated with alco-
hol. The yields, based on the dry weight of the bulbs,
were 14% from L.candidum, 20% from L.henrit, and 5%
from L.wmbellatum. After purification by means of the

$ Thus, indications of glucuronic acid in konjac mannan were
not confirmed®!, .
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copper complex, the glucomannans were insoluble inwater,
but soluble in sodium hydroxide solution and formic acid;
they gave no colour with iodine, Hydrolysis of all three
polysaccharides give glucose and mannose in the approxi-
mate ratio 1:2, Exhaustive methylation of the polysac-
charides from L.umbellatum and L.henrii gave yields of
56% and 34% respectively of the methylated derivatives.

..Methanolysis of the trimethylglucomannans and hydrolysis

of the glycosides formed gave mainly trimethylhexoses and
very small amounts of tetra- and dimethylhexoses. The
trimethylhexoses were not separable by chromatography,
but from its rotation the mixture appeared to contain 2, 3, 6-
-tri-O-methyl derivatives of glucose and mannose in the
ratio 1:2, Separation was achieved by oxidation to the
corresponding lactones, which were separated on cellulose
and converted to crystalline derivatives. Thus, 2,3,6-
-tri-O-methylmannose (I, below) was characterised as the
crystalline 2, 3, 6-tri-O-methylmannonamide (II), which
hypochlorite cleaved to a crystalline derivative of the
cyclic ureide (III). Later hydrolysis gave 2, 5-di-O-
-methylarabinose (IV).

CH,O/Me
CH,OMe HO—t1
Uz O\ H 0
OMe MeO o _— by OMe MeQ C\NH.,
H H H H

(1) )

MeOCH, O
H  meo A H. OH
H
H OH
ny uv)

On methylation, the glucomannan from L.wmbellatum
yielded 3.7% of tetramethylhexoses, that from L.henrii
yielded 1.3%. The tetramethylhexose fraction appeared to
be mainly 2,3,4,6-tetra-O-methylglucose, identified in
particular in the crystalline form and by convertion to
crystalline N-phenyl-D-glucopyranosylamine tetramethyl
ether. It must be borne in mind that after demethylation
of the tetramethylhexoses a trace of mannose was detected
chromatographically together with the glucose.

The dimethylhexose from the trimethylglucomannan of
L.umbellatum was mainly 2, 4-di~-O-methylglucose; that
from L.henrii was a mixture of glucose and mannose
derivatives, but the quantities obtained of these were too
small for exact characterisation. These data show the
glucomannans of L.umbellatum and L.kenrii to be fairly
similar; the slightly branched chains of each are com-
posed of glucopyranosyl and mannopyranosyl residues in
the ratio 1:2, joined by g-1, 4-glycoside links. The non-
-reducing end-residues are mainly of glucose. The
branching-points in the glucomannan from L.umbellatum
are apparently glucose residues linked at C(;), C¢;), and
C)- The mean chain length of the glucomannan from
L.umbellatum is 27 hexose units; for that from L.henrii,
it is 75 hexose units.

Periodate oxidation was fruitless on account of the
continuous production of formic acid.

4. The glucomannan from Licoris vadiata bulbs;
this, also called “Khiganbana mannan” from the Japanese
name for the plant, was isolated and examined by Hayashi
and coworkers®2. Water extraction and purification by
means of the copper complex gave a yield of about 2% of
pure product, based on the dry weight of the bulbs. Acid
hydrolysis 2 gave glucose and mannose in the ratio 1:4.
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Methylation and hydrolysis gave 2, 3, 6-tri-O-methylman-
nose (66.2%), 2,3, 6-tri-O-methylglucose (13.9%), 2, 3, 4, 6-
-tetra-O-methylmannose (11.3%), and 2, 3-di-O-methyl-
glucose (8.6%). Partial hydrolysis yielded mannobiose,
mannotriose, glucomannotriose, and glucomannotetrose.
From these data, and periodate oxidation, Mizuno and
Hayashi % proposed this structure:

GaM (MM, (G My My T — raMy M6 MM ‘|

8
4M1~4M1—4M17 4G1—4M1 J ’

M and G denoting mannose and glucose residues; »n = 49.
The difficulty of access to the original report precludes
knowledge of methods used to separate and identify the
methylated sugars, etc.

5. The glucomannan from Eremurus vegelii
rhizomes; this, eremuran, was separated by us5¢ by
means of extraction with cold water from the dried and
ground roots, precipitation with alcohol, and reprecipita-
tion from 5% trichloroacetic acid with alcohol. = The
eremuran content in roots of plants growing in Central
Asia exceeds 30% of the dry weight. Very viscous solu-
tions of this polysaccharide give with iodine a red colora-
tion with an absorption maximum at 530 mu, near to that
of rabbit liver glycogen (500 my) but much less intense.
The components are glucose (1 mole) and mannose

(2 moles), which were identified crystallographically, by
conversion to crystalline mannose phenylhydrazone and the
N-glucoside of p-nitroaniline, and by fermentation with
special strains of yeast. The homogeneity of eremuran
was investigated by fractionation with ethanol, by electro-
phoresis®5:%5, and by deposition of the copper complex.
Fractions were obtained by precipitation with one and two
volumes of alcohol respectively; they differed in reducing
power and intensity of coloration with iodine, but had
identical glucose and mannose contents and identical infra-
-red spectra. They were, therefore, apparently, homo-
logues of different degrees of polymerisation, Electro-
phoresis in a borate buffer in Tiselius' apparatus yielded
two components, of which the faster-moving constituted
most of the polysaccharide and contained glucose and man-
nose. The other component has not yet been investigated
on account of the very small quantities available. Eremu-
ran, precipitated as the copper complex and then regenera-
ted, still contains glucose and mannose in the ratio 1: 2,
but becomes insoluble in water, probably on account of the
changed conformation of the hexose residues. The floccu-
lent aqueous suspension gives a dark red-brown colour with
iodine, however. Eremuran is not hydrolysed by a- and
p-amylases. Methylation of eremuran or its tetra-acetate
yields di-, tri-, and tetra-methylhexoses. Preliminary
data indicate the quantity of trimethylhexoses to exceed
that of the tetramethylhexoses by more than ten times; a
mixture is obtained of 2, 3, 6-tri-O-methylglucose and tri-
-O-methylmannose. The di- and tetra-methylhexoses
have not yet been identified.

Partial hydrolysis of eremuran yields three oligosac-
charides, one of which is a disaccharide consisting of glu-
cose and mannose residues and apparently being 4-8-
-glucopyranosidylmannose; its structure is being studied.
The data so far available therefore indicate that eremuran
is a branched polysaccharide with a backbone of glucose and
mannose residues, mainly joined by 1, 4-glycoside links.
Optical activity and infra-red data5? indicate that these are
g-links.

On account of the rich supply of Evemurus, eremuran
has great economic potentiality for the Soviet Union as (a)
an emulsifier as good as gum arabic, (b) a source of man-
nose, which is imported at present, and (c) as a possible
substitute for blood, after partial hydrolysis.

6. The glucomannan of iris seeds; Andrews and
coworkers5® investigated I7is ochroleuca and I.sibirica.
The polysaccharides were extracted with 10% NaOH solu-
tion, precipitated with alcohol, and purified by means of
the copper complex and repeated precipitation with alcohol,
They gave no blue colour with iodine. Both polysaccha-
rides were hydrolysed to approximately equal quantities of
glucose and mannose, comprising 97% of the polysaccha-
ride from l.ochyroleuca and 98% of that from I.stbirica. The
remainder was galactose; it is not certain whether this is
a component of the polysaccharides, or whether some
galactomannan impurity remained despite purification.
Methanolysis of the trimethylated polysaccharides gave
tetra-, tri-, and di-methylhexoses in the ratio 1:24:1.3
for L.ochroleuca and 1:30: 0.8 for I.sibirica. The tri-
methyl derivatives formed a mixture, inseparable by
chromatography, of 2, 3, 6-tri-O-methylglucose, identified
in the crystalline form, and 2,3, 6-tri-O-methylmannose,
identified as the phenylhydrazide of trimethylmannonolac-
tone. The tetramethylhexoses (3 and 3.2%) were largely
2, 3,4, 6-tetra-O-methylgalactose, with small amounts of
glucose and mannose derivatives. The dimethylhexoses
were mainly mannose and glucose derivatives, but were
not fully identified. These data indicate that both polysac~
charide chains are little branched, and are composed of
glucose and mannose residues with 1,4-links. All the
galactose is present as end-residues, and may be part of
an admixture of galactomannan. The methylation data,
and reducing power, show the polysaccharide from
I.ochroleuca to have a significantly higher molecular weight
than that from I.stbivica.

7. The polysaccharides from seeds of the
Japanese kaki tree (Diospyros kaki) were obtained
by Hayashi®® by means of extraction with hot water and
then with 5% NaOH solution. The two fractions thus ob-
tained were purified by means of the copper complexes.
Both contained mannose (predominantly), glucose, and a
little pentose. It is not certain whether this polysaccha-
ride is a glucomannan containing some pentose, or a
“pentoglucomannan” as the authors suggest. Triacetyl
derivatives of both polysaccharides have been made.

VII. DERIVATIVES

The 2-cyanoethyl ethers of galacto- and gluco-mannans
and the carboxymethyl ether of guaran®® have beenobtained;
they form very stable gels with salts of heavy metals®l. A
patent exists for the etherification of galacto- and gluco-
-mannans with di-2-chloroethyl ether and a dihalogenohy-
drin derived from glycerol, the residues of which cross-
-link polysaccharide molecules®; the products are very
viscous.

The conditions needed to produce nitro-derivatives of
konjac mannan, and their properties, have been studied 3,

VIII. SOME BIOCHEMICAL PROBLEMS

Although the biological significance of galacto- and
gluco-mannans as reserve carbohydrates, disappearing as
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the seeds grow, is realised, the mechanism of the biosyn-
thesis and cleavage of these compounds is hardly known.
Saccharose and raffinose were detected in a study of
lucerne seeds??, and it was therefore suggested that during
galactomannan synthesis galactopyranosyl residues from
raffinose were converted into a polymer of mannose; and
that cleavage of galactomannans involved conversion of
these residues into saccharose. On this hypothesis, the
synthesis of galactose end-residues is a way of “reserv-
ing” the highly mobile galactose. The established variation
of galactose content in glucomannans accords with the hypo-
thesis*'. The presence of guanosine diphosphate mannose
in yeasts® and its possible role in the synthesis of yeast
mannans suggests a similar synthesis of the polymanno-
side backbone in plant galactomannans and, possibly, glu-
comannans.

The high content of galactomannan-cleaving enzymes in
germinating guar seeds® was used tohydrolyse guaran to
oligosaccharides, but no attempt was made to fractionate
the enzymes. An impure enzyme hydrolysing konjac man-
nan was apparently isolated®*. In the human body 95.5%
of konjac mannan is digested, butthis occurs by virtue of
intestinal bacteria, since pancreatic extract has no effect
on mannans 8,

Caroban and guaran have the interesting property, along
with some other galactans and other polysaccharides con-
taining galactose residues, of serological activity; they
precipitate the antibodies of antipneumococcus serum (type
XIV)*7,

IX. APPLICATION

This has been mentioned above (p.271); a series of re-
views deals with the industrial use of some galacto- and
gluco-mannans. In ripe seeds there have recently been
found, galactomannans able to replace caroban, the de-
mand for which is not fully satisfied®. The treatment of
seeds containing galactomannans to give good raw mater-
ials for industrial glues has been described ",  The
preparation of “dry”, rapidly swelling galactomannan
gums is described in a patent™. A comparative study of
guar gums, with particular reference to viscosity, is
described™ (see also p.271), as is a comparison of galacto-
and gluco-mannan “slimes”™. A number of works deal
with the use of galactomannan gums in the paper in-
dustry 78,78, particularly together with starch™; their
great use in the tobacco industry is also demonstrated™,™.
Their use has been suggested in pharmacy for preparing
gels® and as thickeners®. Theirusein the food industry 82
has led to development of methods of food analysis for
galactomannans 23,%,
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INTRODUCTION

The study of the action of different forms of radiation on
aqueous solutions is important chiefly because of the
marked similarity in the behaviour of the primary products
of the radiolysis of aqueous solutions and biological sys-
tems. On practical application is the construction of
chemical dosimeters, which are not only air-equivalent but
also simulate tissue behaviour. Moreover, the present
development of atomic energy makes it important to take
account of processes initiated by radiation and to examine
possible methods of carrying out various redox reactions
in inorganic and organic synthesis in aqueous solution. It
is important to make maximum use of the energy absorbed
when carrying out these processes.

These more general problems require the study of the
nature of the primary products, the ways in which the
energy absorbed by the solution can be transferred, and the
mechanism of the reaction of the primary products with one
another and with dissolved substances.

Although the effect of ionising radiation in aqueous solu-
tions has been known for more than 50 years, there is as
yet no single theory of the radiolysis of aqueous solutions.
In this paper we have tried to show the main directions of
development of the radiation chemistry of aqueous solu-
tions, to examine modern theories of the mechanism of
radiolytic changes, and to present what is in our opinion
some of the most interesting effects of radiolytic reactions,
We have taken into consideration the fact that the experi-
mental material on the radiolysis of aqueous solutions has
been presented fairly completely in a number of reviews
on radiation chemistry!-%7,
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