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ABSTRACT 

Detailed studies have been performed on the solution and interaction properries of 
guar and carob galactomannans modified by treatment ~ith highly purified o-D
galact osidase, endo-B-D-mannanase and exo-8-D-mannanase enzymes. 
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INTRODUCTION 

The commercially available galactomannans are derived from the seed endosperms of 
carob (Ceru tGnia siliqua) , guar (Cyamopsis tetl'agono1-obus) and to a lesser extent 
tara «(aesaLpinict spinosa) (Dea and Morrison. 1975; Neukom and Nittner, 1980). 
These galactomannans all give solutions of high viscosity at low polymer concen
tration , but each has its own unique characteristics. Guar gum hydrates rapidly 
in either hot or cold .,ater, whereas complete dissolution of carob galactomannan 
requires cooking at elevated temperatures (Hut and Neukom. 1964). Carob galacto
mannan interacts strongly with a number of polysaccharides including agar, carra
geenans and xanthan (Dea and Morrison, 1975), and these interactions are exploited 
commercially . The interesting and nove.l chemical and physical properties of other 
galactomannans such as those from Caesa l rinia ~rirwsa (tara gum) and Leuc·aelli.1 
Zeueocephala seeds (McCleary, 1979a) are currently being realised. 

The traditional source of galactomannan is from seeds of the carob tree which was 
cultivated many centuries bef ore the Christian era. The ancient Egyptians pre
pared the strips with which they bound their mummies, using carob paste. Carob is 
a native of Southern Europe and the Near East and the best quality seeds come from 
Sicily , where the trees were probably planted in the 16th-17th century . 

Guar emerged as a commerc ial sOllrce of galactomannan in response to the limited 
supply of carob to the U. S. A. during \·Iorld w'ar 11. The gua r plant is native to 
north-west India and Pakistan where it has been grown for thousands of years for 
use as cattle fodder and as a green vegetable. World demand for guar gum has 
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increased rapidly in recent years and is reaching a point where traditional 
suppliers such as India, Pakistan and ~he U.S.A. are hard pressed [0 meet the 
demand. Consequently, considerable effort is being expended to develop guar as an 
economic agricultural crop in other countries, including Australia. 

Galactomannans are present in a wide range of legume seeds in amounts varying from 
0.1 to about 35% of seed weight (Dea and Mortison, t975). The viscosity and 
thickening properties of most of these galactomannans are similar to those of 
carob and guar gaiactomannans. With the current shortage and hi.gh price of carob 
seeds, the possibility of economically producing, from another seed source, a 
galactomannan with similar solution and interaction properties to carob galacto
mannan, becomes more attractive. To some extent tara gum will help fill this 
requirement. However, other legumes which produce a similar galactomannan may 
prove economically viable, e.g. C~otaZar4a mucronata and 

vesicaria produces copious quantities of seeds 
galactomannan = 28:72). This galactomanna.n viscosity 
number, 13)0 solution properties to guar galactomannan, but 
interacts with xanthan to an extent intermediate between that of guar and tan;! 
galactomannans • unpublished data). Sesbania cannabina seeds contain 
17.5% of a high viscosity galactomannan (limiting viscosity number, 1440 but 
the polymer has a high galactose content (39%) and the degree of interaction with 
xanthall is 10\<1. 

SOLUTION PROPERTIES OF GALACTOMANNANS 

Carob and gusr galactomannans have similar solution viscosities, but differ 
markedly in their ease of dissolution and in their interaction properties. The 
limiting viscosity numbers determined for dilute solutions of and carob 
galactomannans are alike i.e. 1330 and 1030 respectively , Matheson 
and Small, 1976). However, unlike carob galactomannan. guar galactomannan has the 
ability to hydrate rapidly in cold water to produce highly viscous solutions. The 
viscosities of 1% solutions of guar and carob galactomannans, hydrated at 25°C, 
are 4200 and 100 cps, respectively (Whistler and Hymowitz. 1979). The difficulties 
experienced in the dissolution of carob galactomannan are believed to be due to 
interchain associations which restrict hydration. These associations occur at 
regions in the manoan backbone which are unsubstltuted or substituted with 
galactose (Morris and colleagues, 1977). More such regions are likely to be 
present in carob galactomannan than 1n guar galactomannan, due to the lower 
galactose content of the former polysaccharide i.e. the Ralactose/mannose ratio of 
carob ~alactomannan 1s 23:77 and that of guaT 

INTl::RACTION PROPERTIES OF GAl..ACTOMANNANS 

Carob galactomannan interacts strongly with a number of polysaccharides including 
agar, carrageenans and xantban (Dea and Morrison, 1975). Gels are formed at 
polymer concentrations as low as 0.1% w/v. Guar galactomannan also interacts with 
these polysaccharides but to a much lesser e¥tent than carob 
resulting only in viscosity enhancement. 

Attempts to explain the marked difference in interaction of carob and guar 
mannans with other polYB3ccnarides, have involved detailed investigations 
"fine-structures" of these galactomannans. Initial investigations employing X-ray 
diffraction (Palmer and Ballantyne. 1950). chemical (lIaker and 'mistIer, 1975) and 
enzymic techniques (Courtois and Le Dizet, 1970) indicated that the galactose dis
tribution along the D-mannan backbone of guar galactomannan was uniform i.e. a 
galactose substituent on every second mannosyl residue; and that in carob galacto-
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mannan the galactose was distributed in "block-type tterll Le. blocks of the 
D-mannan backbone that are totally (or almost substituted with single 
galactopyranosyl g~oups, which are separated by regions of the D-mannan chain that 
are essentially unsubstituted with galactose 1). However, recent results 
obtained using highly purified enzymes , 19793) and a range of chemical 
and physical techll iques perioda re oxida tion (Hoffman and colleagues, 

, ll. m. r. (Grasdalen and Pa inter, 1980) and X-ray dif frac tion (Marchess3ul t 
and co-workers, 1979), indicate that, fact, the galactosyl residues in both 

and carob galactomannans are distributed in an irregular to random pattern 
) . 
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Fig. 1. Possible distribution patterns of galactosyl residues along 
the D-mannan backbone of galactomannans, 

It is now generally accepted that agar, carrageenans and xanthan interact with 
galactomannans at in the D-mannan backbone .. -llieh are either unsubstituted 
or lightly with galactose. Recent research has also indicated thlH 
sections of the mannan backbone which are substituted on only on€! side with 
galactose, can also interact with xanthan (Fig, 2) , 1979a), 

CALACTOMANNAN HYOROLYZING ENZYMES 

A range of galuctomannan degrading enzymes has been reported in the literature 
, 1978). These include a-D-galactosiciase, endo-/3-D-mannanase (tI-D-mannanase), 

galactomannanase (Whistler and colleagues, 1950), eXQ-a-D-mannanase (Lee, 1965), 
p-D-mannosidase (Reese and Shibata, 1965), galactow~nnan depolymerase (Hylin and 
Sawai, 1964 and oligo-6-D-mannosyl-(144)-phosphorylase. ~113tler and co-workers 
(1950) accurately predicted that the crude preparation of they 
extracted from lng guar seeds contained two or more guaran hydrolyzing 
enzymes. Lee 1965) showed that enzyme preparations from guar seeds cOlltained 
CI-D-galactosidase., <i?ndo-/l-D-mannanase and another enzyme described tentatively as 
e.ro-S-D-manoanllse, The reported by Hy lin and Sawai 
(1964) (roll1 seeds of Leuaaena is thought to have consisted of a 
mixture of 8-D-mannanase, o-D-galactosidase and B-D-mannosidase (or ~xo-e-D
mannanase) , 

In the curren( work, che effect of , B-D-mannanase and exo-p-D-
mannanase on the solution and interaction properties of galactomannans, was 
studied, Each of the enzymes used ,,'as highly purified and devoid of interfering 
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en~yme activities. 
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Fig. 2. Proposed structural requirements in galactomannans for 
interaction with xanthan: (a) A model proposed for the 
interaction between chains of xanthau (X) and galactomannan 
(G) (Morris and colleagues, 1977). (b) A model proposed for 
the interaction between chains of xanthan (X) and 

galactomannan (L) (McCleary, 1979a). 

endo-B-D-Mannanase acts by random cleavage of the D-mannsn chain, producing a 
series of manno- and galacto-manno-oligosaccharides and a rapid viscosity 
decrease (Dekker and Richards, 1976). Hydrolysis of by this enzyme 
is affected by the degree of galactose substitution. • B-D-mannanase 
enzymes from different sources have different abilities to cleave at points in the 
mannan backbone which are highly substituted with galactose • 19791:». 

Carob galactomannan interacts strongly with xanthan, resulting in gel formation at 
very low polymer concentrations. The sites of interaction in carob galactomannan 
are the sawe regions which are most susceptible to hydrolysis by B-D-mannanase i.e. 
those essentially uDsubstituted with galactose. However, as shown in ,3. the 
presence of xanthan has little effect in protecting carob galactomannan hydro-
lysis by S-D-mannanase. This suggests that either only a very small proportion of 
the available unsubstituted sections of the D-mannan backbone of carob 
mannsn are involved in interaction with xanthan at the , or alter-
natively that the interaction is dynamic, such that once the polysaccharide 
molecules separate the regions of carob galactomannan are suscept-
ible to S-D-mannanaS8 attack. 

Some of the problems experienced in the use of guat gum may be due to the presence 
of trace quantities of 8-D-mannanase in the commercial flour or in the material 
with which the flour is mixed. B-D-mannanase contamination of guar flour can 
occur by microbial infection of che seed or by de novo synthesis of the en1.yme in 
the seed. In seed production areas where high rainfall and humidity are 
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in the pre-harvest period, seed occurs. A wide range of fungi, includ-
ing sp., Fusarium sp. and Alte~~a sp. which occur on, or 1n guar 
seed and Patel, 1969) have been shown to be associated with severe cases of 
seed blackening. Each of these produces a wide range of hemice1lu1ases, 
including B-D-mannanase. Under the environmental conditions just described, 6-D
mannanase may also be synthesized by the seed. 
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Fig. 3. Effect of the presence of xanthan on the hydrolysis of carob 
galactomannan by S-D-mannanase. Samples of carob galacto-
marll1an (0.2 mL, 0.1%) were mixed with (tl., 0.2 mL, 

i or water (.. at 800 
I stored at and then e<ju.ili-

brated to l5° before addition of B-D-mannanase. 

In certain applications, the tomannan viscosity-destroying properties of S-D-
mannanaSe can be used to advantage. In the production of gum, a protein 
meal (guar meal) 1s obtained as a by-product (Whistler Hymowitz. 
However, this meal contains significant amounts of guar gum due to incomplete 
separation of the seed endosperm from the proteinaceous cotyledonary material 
during the roil process. If untreated guaT meal is fed to monogastric animals 
(pigs and the galactomannan "gels" in the intestinal tract resulting in 
poor absorption of nutrients as well as either diarrhoea or stiCKY excrement, 
Feeding trials with chickens have shown that this problem can be overcome by 
supplementing guar meal with commercial enzyme preparations 8-D-
rnannanase. To minimize the cost of enzyme supplementation further research is 
needed to optimize the levels of enzyme required, and to identify the best source 
of a 6-D-rnannanase with the desired stability, pH activity and hydrolytic proper
ties, 

This enzyme acts in an removing single D-mannosyl residues from the 
non-reducing end of manno-polysaccharides and S-D-Nanno-
oligosaccharides of a of polymerization greater than four are the preferred 
substrates for the e.xo-6-D-mannanase from guar seeds (NcCleary. unpublished data). 
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Like most other , this enzyme is unable to cleave 
linkages beyond a branch 
to-maoosos. Incubation 
with carob galactomannan 
nor increase in reducing 

and thus it has negligible action on native galac
high levels of this enzyme (20 nkat 011 mannopentaitol) 

fDr t~Q hourg gave no detectahle decrease in viscosity 
sugar level. 

et-D-Galactosidase catalyses the random cleavage of (l .... 6)-a-D-l1nked galactosyl 
residues from the D-mannan backbone of galactomannans (McCleary, 1979a). In 
current research it has been found that ~-D-galactosidases from lucerne and guar 
seeds can remove essentially all of the D-galactosyl residues from a range of 
galac tomaonans including those from g\Jar. carob and lucerne seeds. 

The effect of pure ~-D-galactosidase and B-D-mannanase on the solution viscosity 
of carob galactomannan is shO'W11 in Fig. 4. Over the incubation period used (2 
hours), a-D-galactosidase (3.3 nkat on this substrate) removed 35% of the D-
galactosyl residuc;s from carob tomannan with no concomitant decrease in 
viscosity. Howe.ver, even 0, nkat of B-D-mannanase caused a significant dec-
rease in viscosity over the same incubation period. 
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Fig. 4. Effect of Il-D-galactos1dase and j3-D-manoanase on the solution 

viscosity of carob galactomannan (McCleary and colleagues, 
Ca~ob galactomannsn (1S mL. 0,1%) 1n 0.1 M acetate 

in an Ubbelohde 
viscometer with either a-D-galactosidase 

nkat (on this Bubstrate), or 8-D-mannanase, (0) 
nkat or ( ... ) a.OOOL. nkat. During 6S min the 

content of carob galactomannan was diminished from 
to 15% by 3.3 nkat of a-D-galactosldase. 

The of guar and carob galactomannans by a-D-galactosidase A from lucerne 
seed is shown in Fig. S. In this experiment essentially all the D-galactosyl 
residues were removed after a two hour incubation period. but there was only a 
slight decrease in solution viscosity. The large viscosity decrease 
over the next four hours was due to an alignment of S-D-mannan-type 
eventually formed particles large enough to be visible. The solution became 
tinetly turbid as a B-D-mannan precipitate formed and settled from solution. 
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time required for the formation of this S-D-mannan precipitate was directly related 
to the concentration of polysaccharide. 
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Fig. 5. Effect of galactose removal on the solution viscosity and 
solubili er of galac tomannans from ( 11), and carob (Ill). 
Galactomannan solution (17 roL, O. in O. L M acetate 
buffer 4.5) was incubated with lucerne a-D-galacto-
sidase A (6.2 nkat) in an Ubbelohde 
viscometer at 40°. t the galactose content 
of the remaining At point T, the solution 
was very turbid; at point P, a precipitate had formed. 

The viscosity curves and limiting viscosity numbers of a-D-~alactosidase treated 
guar galactomaonan samples, are sho'WIl in Fig. 6. The 
guar galactomannan resulted in gaiactomannans which had higher limiting viscosity 
numbers and steeper viscosity curves. But, if the viscosities were plotted agDinst 
the concentration of the "manoan-backbone" in these polymers, a single curve was 
obtained, independent of the galactose content. This indicates that the solution 
viscosity of such g.alactornannans is totally dependent on the nature of the mannan 
backbone. The galactose side groups play a very important role in determining the 
ease with Iolhich can be dissolved, but they do not aft ec t the degree 
of interaction galactomannan moleCUles in dilute solutions of 
course that the galactose content is sufficient to maintain Further-
more, the tose side groups have no apparent effect on the conformation of 
galactomannan molecules in dilute solutions. 

Lhe solution properties of che a-D-galactosidase modified galactomannans are 
summarised in Table 1. At concentrations of 0.4% w/v, solutions of galactomannans 
with i)-galactose contents from 25 381. showed no tendency towards gel 
formation or retrogradation on storage at However, those containing between 
15 and 20% tose formed gels on storage at 40 for 15 days. On storage Eor 
a further 45 days the gels began to retrograde and became quite opaque. Solutions 
of galactomannans which contained less than 10% D-galactose were quite unstable at 
30° or 40 and an insoluble mannan-type precipitate formed. Gel formation 
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Fig. 6. Effect of galactose removal from guar galactomannan on 
limiting viscosity numbe~. The galactose/mannose ratios 
of 1:he polysaccharides are 38:62 (0),32:68 (0),27:73 
(.), and 15: 85 ( .. ). 

TABLE 1 Effect of Galactose Content on the Solution 
Properties of a-D-Galactosidase-Treated Guar 
Galactornannana 

Galactose: 5torllge Storage temperature Freezing mannose time 
ratio (days) 30° ,,0 and thawing 

38:62 to 25:75 I S S S 
20: 80 to l5: 85 1 S S G 

1S S C G 
60 Gip G 

Less than 10: 90 1 p p p 

aCalactomannan solutions (0.4%, salt free) were stored under 
the described conditions and defined as totally soluble (S) 
if there was no evidence of either gel formation (C) or 
precipitate formation (P). 

6 

and retrogradation are due co ordered, non-covalent associations between sections 
of the galactomannans which are essentially unsubstituted with D-galactose. The 
extent of this interaction is dependtnt on the D-galactose content of the galacto
mannans, so that those samples containing 25-38% D-galactose have very few regions 
~h1ch can enter into these associations, whereas those with 15 to 20% D-galactose 
interact to form a three-dimensional gel network. Gel formation 1s due to an 
aggregation of the essentially unsubstituted mannan regions in a regular ribbon
lIke conformation, with the non-interacting "galactose-rich" regions serving to 
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solubilise the network (Dea and Morrison, 1975). Galactomannans with less than 
10% D-galactose have a large proportion of the mannan chain available for inter
action but have insufficient "galactose rlc~' regions to solubilise the network so 
an insoluble precipitate forms. Interchain associations are induced by a free~e
thaw treatment of galactomannan solut10ns. lee crystal formation progressively 
raises the effective polymer concentration in the residual unfrozen solution and 
thus promotes association (Dea and ~lorri$on, 1975). Thus, although solutions of 
treated guar galactomannan of D-galactose content of IS-20i. are quite stable on 
storage at 40 for 24 hours, a freeze-thaw cycle results in gel-particle formation. 
Carob galactomannan (23% gala c tose) behaves in a very similar way. 

The effect of galactose removal from guar galactomannan on its degree of inter
action with xanthan polysaccharide 1s shown in Fig. 7. As the D-galactose content 
decreases the degree of interaction increases. Treated guar ga1actomannan with a 
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Fig. 7. CeIling interactIons of galactQmannans with xanthan as 
determined with a Brabender (Duisburg) Amylograph. Sample 
A is xanthan (O . l % w/v) plus carob galactomannan (0.1 % w/ v). 
Samples 8-F are xanthan (0 . 1i. w/v) plus a-D-galactosidase
treated guar galactomannan (0.1 % w/v) with galactose/rnannose 
ratios of B, 38 : 62 (native); C, 34:66; D, 29:71; E, 25 :75 
and F, 19:81. 

D-galactose content of 19 '4 interacts t.r1th xanthan to essentially the same degree 
a6 carob galactom2nnao (23% D-galactose content), and the galactose distribution 
in both these galactorn.annans has been shol<m to be irregular to random . Consequent
ly, it would appear that the profound difference in the interaction of native guar 
and carob galactomannans with xaothan can be explained simply in terms of their 
different galactQse/mannose ratios. A major difference io the fine-structures 
(i.e . the distribution of galactosyl residues along the mannan backbone) of these 
two galactolrk1nnans, as proposed by other workers, is not necessar)' to explain this 
phenomenon. 
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