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ABSTRACT 

An analytical. study of six gum speôimens from the Series 

Phyllodineae of the genus Acacia showed them to be chemically similar 

to the other species from this series studied to date, except for 

A. cyanopylla which has anomalous properties for a gum exudate of 

this Series. I4ethylation studies showed a highly-branched 1,3 - 

linked galactose framework. 

An analytical study of-two samples of gum from Anacardium 

cidentale showed glucose to be one of the neutral sugars present, 

galactose being the major component. The glucose was isolated and 

.characterised. Hydrolysis,Smith degradation and methylation studies 

on one of the samples revealed a highly-branched 3' 10 - linked 

galactose framework with a small amount of - 1,6 linkages. 

Glucuronic acid was present as end-groups, linked 1,6 - to galactose. 

Glucose and rhamnose were also end-greup and arabinose was present 

in 1,2 - linked chains, some five units long. 

An analytical study of fifteen Combreturn samples and two 

Terminalia samples showed a wide variation in properties.. The 

intrinsic viscosities were all high. The -samples varied in their 

aldobiuronic acid content: although all the gums contained .6 - 0 - 

(- D - glucopyranosyluronic acid) - 1) - galactose, most of the 
CM 

Combretuni samples contained 2 - 0 - (oL- D - galactopyranosyluronic 

acid) - L - rhanmose, whereas the other Combretuin samples and the 

Terminalia samples contained a mannose - galacturonic acid. The 

broad structural features -of one example of each of the two types 

were examined. The two types had widely differing structures although 



both contained a. 	- 1,6 - linked galactose backbone. In one type, 

most of the uronic acid was intra-chain whereas in the other it was 

end-group. 

Analysis of specimens from three of the 5 known subspecies of 

Acacia tortilis showed each subspecies to be analytically distinct. 

Homogeneity studies showed subs-p. heteracantha to be the most 

heterogeneous Acacia gum exudate studied to date. 



CONTENTS 

Page 

SECTION I 

GENERAL INTRODUCTION 

SECTION II 

EXPERIMENTAL METHODS 	 6 

11.1 • GENERAL METHODS 	 6 

11.2. PHYSICAL METHODS 	 7 

II.3 CHEMICAL METHODS 	 10 

CHROMATOGRAPHIC AND ELECTROPHORETIC SEPARATIONS 	14 

SECTION III 

A STUDY OF ACACIA GUN EXUDATES OF THE SERIES PHYLLODINEAE 	22 

111.1. INTRODUCTION 	 22 

111.2. ORIGIN OF GUM SPECIMENS 	 22 

111.3. EXTRACTION AND PURIFICATION OF GUN SAMPLES 	23 

111.4. ANALYTICAL COMPARISON 	 24 

111.5. PARTIAL ACID HYDROLYSIS 	 29 

111.6. METHYLATION OF SAMPLES 	 29 

111.7. DISCUSSION 	 34 

SECTION IV 

ANALYTICAL AND STRUCTURAL FEATURES OF THE GUM EXUDATE 

FROM ANACARDIUN OCCIDENTALE 	 42 

IV.A. ANALYTICAL COMPARISON OF TO SAMPLES OF GUM FROM 

ANACARDITJN OCCIDENTALE 	 42 



Page 

IV.A.1. INTRODUCTION 	 42 

IV.A.2. ORIGIN OF SPECIMENS 	 42 

IV.A.3. PURIFICATION OF SAMPLES 	 1+3 

IV.A.k. RESULTS 	 43 

IV.A.5.. EXTRACTION AND IDENTIFICATION OF GLUCOSE 	47 

IV.A.6. DISCUSSION 	 1+9 

IV.B. A STRUCTURAL STUDY OF THE GUM FROM 

ANACARDIUM OCCIDENTALE 52 

IV.B.1. 	INTRODUCTION 52 

IV.B.2. 	RESULTS 53 

PURIFICATION OF GUM 53 

TESTS FOR HOMOGENEITY 53 

IDENTIFICATION OF NEUTRAL SUGARS 51+ 

IDENTIFICATION OF ACIDIC COMPONENTS 54 

PARTIAL ACID HYDROLYSIS OF THE GUM 56 

METHYLATION OF ANACARDIUM OCCIDENTALE GUM 56 

PREPARATION OF DEGRADED GUM A 58 

EXAMINATION OF DEGRADED 	UM A 58 

PREPARATION OF DEGRADED GUM B 61 

EXAMINATION OF DEGRADED GUM B 61 

PREPARATION OF POLYSACCHARIDE I 63 

EXAMINATION OF POLYSACCHARIDE I 65 

PREPARATION BY SEQUENTIAL SMITH-DEGRADATION 

OF POLYSACCHARIDES Il-V 67 

1V.B.3. DISCUSSION 	 70 



Page 

SECTION V 

ANALYTICAL AND STRUCTURAL FEATURES OF GUM EXUDATES 

FROM THE COMBRETUN GENUS 

V.A. COMPARATIVE ANALYTICAL FEATURES OF GUN EXUDATES 

FROM THE GENERA COMBRETUN AND TEPMINALIA 	 84 

V.A.1. INTRODUCTION 	 84 

V.A.2. NOMENCLATURE AND ORIGIN OF THE COMBRETUM 

GUM SAMPLES USED IN THIS STUDY 	 87 

VA-3. ORIGIN OF THE TERNINALIA SAMPLES USED IN 

THIS STUDY 	 91 

V.A. 1+. PURIFICATION OF SAMPLES 	 92 

V.A.5. RESULTS 	 92 

V.A.6. DISCUSSION 	 106 

V.B. A PRELIMINARY STUDY OF THE STRUCTURAL FEATURES OF THE 

PLANT GUMS FROM COMBRETUM ERYT}IROPHYLLIJN AND 

COMBRETUI4 HARTMAN74IAN1M 	 - 	112 

V.B.1. INTRODUCTION 	 112 

V.B. PART A 

STRUCTURAL FEATURES OF THE GUM FROM C. ERYTEROPHYLLUM 

(BURCH.) SoND. 	 113 

V.B.2. PURIFICATION OF C. ERYTI{ROPHYLLtJN GUM 	 113 

V.B.3. RESULTS 	 114 

IDENTIFICATION OF NEUTRAL SUGARS 	 114 

IDENTIFICATION OF ALDOBIURONIC ACIDS 	115 



Page 

V.B.3. 	RESULTS (CONTINUED) 

• 	 PREPARATION OF DEGRADED GUM. A 117 

EXAMINATION OF DEGRADED GUM A 119 

EXAMINATION AND METHYLATION OF 

C. ERYTHROPHYLLUN GUM 121 

PREPARATION AND EXAMINATION OF 

POLYSACCHARIDE I 123 

PREPARATION AND EXAMINATION OF 

POLYSACCHARIDE II 128 

PREPARATION AND EXAMINATION OF 

POLYSACCHARIDE III 131 

PREPARATION OF DEGRADED GTJM B - 

AUTOH'YDROLYSIS PRODUCT 132 

PREPARATION AND EXAMINATION OF 

DEGRADED GUM C 133 

PREPARATION AND EXAMINATION OF 

DEGRADED GtJN D 134 

V.B. 1+. DISCUSSION 	 138 

V.B. PART B 

SOME STRUCTURAL FEATURES OF THE GUN FROM 

C. HARTMANNIANUM SCHWEINF. 	 145 

VOBO5. • PURIFICATION AND EXAMINATION OF C. HARTNANNIANUN 

GUM AND ITS DEGRADATION PRODUCTS 	 145 

IDENTIFICATION OF THE BIiJRONIC ACIDS 	 145 



Page 

PREPARATION AND EXAMINATION OF 

POLYSACCHARIDE I 	 149 

PREPARATION AND EXAMINATION OF 

POLYSACCHARIDE II 	 150 

V.B.6. DISCUSSION 	 154 

V.B.7. GENERAL DISCUSSION ON COMBRFJflJM GUN CKEMISTRY 	159 

SECTION VI 

ANALYTICAL AND HETEROGENEITY STUDIES OF GUM EXUDATES 

VI.1 • INTRODUCTION 	 V  165 

VI.2. ORIOIN OF SPECIMENS 	 166 

VI-3. PURIFICATION OF SAMPLES 	 166 

vi.4. RESULTS AND DISCUSSION 	 167 

VI.5. HETEROGENEITY STUDIES 	 170 

REFERENCES ARE TO BE FOUND AT THE END OF EACH SECTION 

APPENDIX 

AN OPTICAL ROTATION STUDY OF MIXTURES OF ACACIA SENEGAL AND 

ACACIA SETAL GUN EXUDATES 	 178 



SECTION I 

GENERAL INTRODUCTION 
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Plant gums are complex acidic polysaccharides exuded from the 

sterns of certain tropical and sub-tropical trees found in Africa, 

Australia, India, South America and parts of Asia, after mechanical 

injury or bacterial infection 1 . The precise mechanism of gum 

formation is still a matter of conjecture. The viscous mass 

hardens in the sun to form nodules, which normally dissolve in 

water to form neutral or slightly acidic solutions since the 

carbohydrate gum acid in the natural state is wholly or partly 

neutralised (salt-formation) by calcium, magnesium, sodium and 

potassium; iron, copper, strontium, zinc and manganese are also 

present in smaller amounts, as shown by a recent atomic absorption 

2 study  

Some gum species give highly viscors solutions, and this. 

property makes them very useful ccmznerci&1.l?o The Egyptians 

used gums as paint thickeners and for embalming purposes, and for 

many centuries natives ofthe countries where they are found have 

considered plant gums to be of therapeutic value0 Nowadays they 

are extensively used commercially as thickening agents, ernu].aifiers, 

and adhesives, particularly in the dairy, confectionery, and 

pharmaceutical industries. 

The molecular weights of plant gums are normally within the 
r 	 6 range 2 x 10' to 2x 10 , although the work on Combretuni species 

reported in this thesis (see Section VA) shows that some gums have 

molecular weights of over z 106. 

All the plant gum polysacchrides studied, so far are complex 

and highly branched, containing more than one type of monosaccharide 
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unit. The neutral sugars present most frequently are D - galactose, 

L - arabinose, and L - rhamnose, with D xylose and D - mannose 

found in certain species. This thesis contains the first report 

of the occurrence of D - glucose in a. gum polysaccharide. The 

acidity of plant gums most frequently arises from the presence of 

D glucuronic acid and its k 0 methyl derivative, but certain 

gums also contain D - galacturonic acid. The uronic acid content 

varies from gum to gum, and geographical and seasonal variations 

occur for each species; the uronic acid content may well be 

analytically different in different nodules of gum obtained from 

one treek.  Acacia ycnant1ia5' 
6  has the lowest uronic acid content 

(3.396) found so far in any genus, and typical values for the uronic 

acid content of gums f.11 in the range of 10..15%, but some 

Combretum species have been found in the present work to contain 

over 30$ uronic acid. 	 . 

Gums also contain proteinaceous material. In many species the 

percentage is small (1-2%), but Neem gum (Azadirachta indica) 7  has 

been found to contain 30-40$ protein and an amino sugar; the. 

evidenc&'available to date seems to imply that there is chemical 

bonding betweer ,  protein and poiysaccharide. 

Gum exudates Pare found in hot tropical climates and the fact 

that gum formation is maximal in very hot dry weather after heavy 

rainfall tends to suggest that their formation is to prevent 

excessive loss of moisture through an injured part of the tree stem 8 . 

The high viscosity of gum solutions makes their translocation 

within plants appear to be less likely than their synthesis near 
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the site of injury. 

Recently a great deal of analytical work has been done to 

obtain iata9 	to support chemical plant taxonomy 12, especially 

in the genus Acacia, the most studied of all gum-bearing genera 

and the most important commercially. Bentham has classified the 

13 genus Acacia into six Series • Most chemical structural studies 

have centred round his Series 4 and 5, but Section III of this 

thesis consists of a detailed analytical study of six previously 

unstudied Acacias from Bentham's Series I (Phyllodineae) together 

with an examination of the methylated products of some of these to 

obtain a. certain amount of information concerning their structural. 

features. 

Section IV of this thesis reports work on the gum from 

Anacardiuth occidentale; this has been found to contain glucose, 

which has not been found previously in a plant gum. Sub-section A 

gives analytical data for two specimens of this gum, and sub-

section B gives structural details of one of the specimens with 

èpecial reference to the location of the glucose in the 

polysaccharide molecule. 

Very little work has been done previously on the family 

Combretaceae. Section VA of this thesis contains a detailed 

analytical study of the gums from fourteen Combretum species, and 
11 

two botanically related Terminalia species. These all differ 

widely analytically. Section VB reports the structural features 

of two of these Combretum samples, which structurally appear to 

differ widely from other genera. 
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The final section of the thesis reports the analytical 

differences shown by gum specimens from Acacia tortiis and its 

closely related but readily distinguishable subspecies which were, 

until recently, classified botanically as different, distinct 

species. During this study it was found unexpectedly that these 

specimens gave the clearest evidence obtained to date for the 

occurrence of heterogeneity. in Acacia gum exudates. 
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SECTION II 
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II • I • GENERAL METHODS  

Weighings. All accurate weighings were made within the range 

of the graticule scale (range, 0-100 mg) of a Stanton Unirnatic 

Model C.L.I. single-pan balance, having an accuracy of ± 0.1 mg. 

Dialyses of polysaccharides, to remove low molecular weight 

material, were carried out in 'cellophane tubing (Kalle 

Aktiengesellschaft, Wiesbaden) against running tap-water for 

k8-72 hours unless otherwise stated. 

Electrodialyses of polysaccharides were carried out in a three-

compartment perspex cell fitted with cellophane membranes. The 

water in the outer electrode compartments was changed regularly to 

prevent overheating. Electrodialysis was continued until a current 

(applied voltage = 300V) ceased to flow. 

Reductions in volume were carried out on a rotary evaporator 

at temperatures below 

Moisture contents were determined by heating to constant 

weight at 105°C. 

Ash contents were determined by heating to constant weight in 

a muffle furnace at 550 0C. 

Nitrogen contents were determined by a semi-micro Kjeldahl 

method. 

Carbons  hydrogen and nitrogen contents were determined using a 

Perkin-Elmer 240 Elemental Analyser. 

Methoxyl contents were determined by a vapour-phase infrared 

method 1
9  2; a calibration curve was based on known weights of 

methyl iodide, 
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Acetyl contents were determined by alkaline hydrolysis 

followed by distillation of the acetic acid liberated and titration 

with 0.01N sodium hydroxide3 0 

Equivalent weight determinations on exhaustively electro-

dialysed polysaccharides (test: % ash *O.1%)  were carried out 

by direct titration with standard sodium hydroxide solution 

(ca. O.OIN). 

Uronic acid contents were calculated from the equivalent 

weights as (17600/E.W.) ie:- Values for uronic acid are expressed 

as the anhydride. 

uantitative estimate of 	Sugars were separated by 

chromatography on previously washed Whatman No. 31PL9 papers. After 

elution from the paper, sugars were 9stimated colorimetrically by 

the phenol-sulphuric acid method 1 . The optical density was read en 

a Unicam SP 1300  spectrophotometer using filter 2. Calibration 

curves were drawn for kown weights of sugars. 

Melting joints were observed on a Koller hot stage 

microscope0 

II.2 o  PHYSICAL METHODS 

Specific rotations of aqueous 9  chlorofo:::n, and urea5  scitions 

were measured using the sodium D-line with a Perkin-Elmer Model IkI 

polarimeter at 20 ± 20C. 

Viscositteinations were carried out in N-sodium chloride 

solution in an Ubbelohde suspended-level dilution viscometer at 

2500±, 0.1 0C. Solutions were filtered carefully before additions 

were made to the viscometer. Flow times were measured to within 
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0.1 sec by means of a stop watch. The isoionic dilution technique 

was used; a solution of the gum (6 ml, 2-1%)  was placed in the 

viscometer and the flow time measured. Flow times were also 

obtained for successive dilutions with M-sodium chloride solutions 

(four additions of 2 ml each). Since preliminary experiments had 

indicated that any loss of gum from M-sodium chloride solution on 

filtering was negligible, concentration values were estimated from 

the dry weight of gum dissolved in a known volume. 

Assuming the densities of M-sodium chloride and gum solutions 

to be equal for low concentrations of gum, the viscosity, number, 

is given by 

t-t 
Eri,J 	urn - 	 urn 

t.-9O C0 

whore c is the concentration of gum (gm/cm 3) and t0  and t are the 

flow times (sec) for solvent and solution respectively. 	ctrapola- 

tion of the linear plot of t-t0  against c to c=0 gives 

ct0  

Light-scattering measurements were carried out at 27.0 

± 0.50C using a SOFICA photogoniodiffusometer Model 4200, 

Unpolarised green light (51+6 nn) was selected from a mercury lamp 

spectrum by use of a Wratten Kodak N61 filter. 

Using the limiting viscosity number as a guideline to the 

desirable concentration and using N-sodium chloride solution as 

solvent, gum solutions were accurately prepared (0.10.9 in 

20 ml). Dilutions of this solution were made; the molecular weight 

was calculated as an average of three of these solutions. Solutions 



9 0 

were clarified and made 'dnst-free by passage through filters of 

average pore size 0045).Lm (Millipore Ltd., Bedford, Mass., U.S.A.) 

using a stainless-steel filter holder attached to a 20 ml syringe. 

Concentrations of gum solutions were assumed to be unaltered by 

ultrafiltration • 

For each concentration, the intensity of scattered light at 

0 	 0 various angles between 30 and 150 was recorded, and corrected 

scale readings, I, for angle 0-were calculated7  from the equation 

- (I soin. - I sol.) sin 0-, 
2 1 + COB 9- 

where I soin. and I aolo are the scale readings for polymer solution 

and solvent respectively. The reciprocal corrected scale reading, 

llIe4  is plotted against sin  0/2. extrapolation of the linear 

	

portion of this graph to 9-= 0 gives a value for [ 1/I 	0 0  

The downward curvature of these graphs, at low angles is thought to 

be caused by scatter from dust particles suspended in solution 8 . 

Molecular weights are found from the equation 

N = 	

0  Ec: 'B ° ° 	0=0 

where no  = refractive index of solvent (1.31+0) 

n = refractive index of solution 

N = Avogadro's Number (6.023 x 1023) 

= wavelength of incident light (546 nm = 5.1+6 x 10 5cm) 

R = Rayleigh constant of standard benzene (16.3 x 10 6  for 

= 51+6 urn) 

C = concentration in /ml 
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'B = intensity diffused, selected for standard benzene (0.5) 

dn/dc = refractive index increment. 

Using the dn/dc value of 0.146, which is the average value found9  

for a series of Acacia gums, then the equation is simplified to 

M = 2.309 x 10  
C [i/Is] e=o 

Infrared spectrosco]21 was carried out using a Huger-Watts 

H.1200 double-beans grating spectrophotometer. 

Ultracentrifugatjon was carried out using a Beckman-Spinco 

Model E Analytical Ultracentrifuge. Polysaccharide solutions 

(0.5% in 0.5M-sodium chloride solution) were examined at '+k,000 

r.p.m. After the ultracentrifuge had attained this speed, the 

boundary patterns, obtained by Schlieren optical system, were 

photographed at 16, 8 or k min intervals. 

11.3. CHEMICAL METHODS 

Small-scale polysaccharide hydrolyses were carried out with 

N-sulphuric acid for 7.5 hours on a boiling water bath, unless 

otherwise stated. Preliminary tests showed that such conditions 

do not cause hydrolysis of uronosyl linkages in the materials 

studied in this investigation: this was taken into account when 

determining sugar ratios. Hydrolysates were neutralised with 

barium carbonate, filtered, deionised with Amberlite IR-120(H) 

resin, and concentrated on a rotary evaporator. 

Small-scale lDolysaccharj de me thylations, 

(a) The Haworth 10  method - Methylations were carried out in an 

atmosphere of nitrogen at room temperature0 Dimethyl sulphate 
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(2 ml) and sodium hydroxide [(2 ml), 30% (w/v)J were added 

dropwise with stirring to the polysaccharide (100-500 mg) in 

water (10 ml) over a period of 1 hour. Acetone (5 ml) was added 

to the reaction mixture, and six further additions of dimethyl 

sulphate (12 ml) and sodium hydroxide (17 ml) wern made, allowing 

3 hours for each addition. After stirring for 12 hours, the 

reaction mixture was heated at 60 °C for 30 mm, with nitrogen 

bubbling vigorously through the solution. After cooling, the 

reaction mixture was-neutralised with 4N-sulphuric-acid and made 

slightly acid (pH 4.0); a•whité precipitate was normally observed 

at this stage. The methylated product was extracted into 

chloroform (k x 100 ml extractions) and the extract shaken with 

saturated sodium chloride solution (ca 100 mi.). The chloroform 

layer was separated, dried over anhydrous sodium sulphate and 

concentrated on a rotary evaporator. The concentrated syrup was 

poured into light petroleum (bp 60 0-800, ca 300 In].) with stirring; 

the precipitated methylated poiysaccharide was isolated, after 

filtration and drying, as a white amorphous powder. 

(b) The Purdie and Irvine method - The partially methylated 

polysaccharide (loo-kCX) mg) was dissolved in methanol (5 mll and 

methyl iodide (10 ml). Silver oxide (1 g) was .added in four batches 

of ca 250 mg every 1.5 hours; the mixture was refluxed for 6 hours 

in the dark in a dry flask fitted with a water condenser and a 

calcium chloride tube. The mixture was cooled and filtered through 

sintered glass and the residue extracted six times with hot 

chloroform (ca 50 ml). The combined filtrate and extracts were 
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reduced in volume and any dissolved silver ions removed by passing 

hydrogen sulphide through the solution and refiltering. After 

concentration to a small volume, the syrup was poured into light 

petroleum (bp 600-800, ca koo ml) with stirring. After filtration 

and drying, the precipitated, methylated polysaccharide was 

isolated as a white amorphous powder. 

12 -,13 Small-scale oligosaccharide methylations 	. The 

o].igosaccharide (0.5-2.0 mg) was shaken with methyl iodide 

(0.2 ml), N, N-dimethylformaxnide (0.2 ml) and silver oxide (0.2 g) 

at room temperature in the dark for 18 hours, The mixture was 

filtered and the residue washed with chloroform. The combined 

filtrate and washings were concentrated to a syrup on a rotary 

evaporator. 

Methys were carried out under reflux for 6 hours with 

méthanolic 5106" hydrogen chloride. Solutions were cooled, neutralised 

with silver carbonate and filtered. The residue was washed with 

methanol and any dissolved silver ions were removed by passing 

hydrogen sulphide through the solution. After refiltration, the 

solution was taken to dryness on a rotary evaporator, taken up in 

chloroform and concentrated to small volume. 

Periodate oxidations of jsaccharides were carried out in 

the dark at room temperature. 

(a) Consumption of periodate. The amount of periodate consumed 

by a polysaccharide was estimated by back-titration of excess 

periodate, Excess potassium iodide was added to a portion (1 ml) 

of the periodate solution, and the iodine liberated was titrated, 

after the addition of sodium bicarbonate (Ca 200 mg), with 
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standard sodium arsenite solution (Ca 0.05N) using Thyodene as 

indicator1  

15 (b) The formic acid released was estimated titrimetricafly 

with standard sodium hydroxide (Ca 0.1N) for portions (1 ml) 

of the solution. Methyl red was used as indicator. 

Molecular weio fpolysaccharides by_end-group anal ysis  

waS obtained by periodate oxidation of the polysaccharide foflowed 

by colorimetric estimation cf the formaldehyde released using 
- 	 16 	- chromotropic acid • The polysaccharide (30-50  mg) was dissolved 

in p-hydroxybenzaldehyde solution £10  ml, 0.1 (w/v)J. This solvent 

• prevents recombination of formaldehyde with oxypolysaccharide 7 . 

To the solution was added a portion (1 ml) of sodium metaperiodate 

solution such that a slight excess of sodium metaperiodate was 

present. At suitable time intervals, sa'iples (1 ml) were 

transferred to centrifuge tubes 9  treated with 0.5M-sodium 

sulphite solution (1 ml) to destroy excess periodate, and with 

ethanol (k ml) to precipitate the oxypolysaccharide. The tubes 

were stored for 2 days at 20C then centrifuged. Portions (1 in].) 

of the supernatant were treated with 9 ml chromotropic acid 

reagent [2 g of the sodium salt of chromotropic acid (B.D.H., 

"for formaldehyde determinations") dissolved in a solution of Analar 

sulphuric acid (566 ml) and water (320 ml)] on  boiling water 

bath for 30 mm. After cooling, thiourea solution [2 ml 4.6% 

(w/v)j was added and the optical density measured on a Unicam 

SP 1300  spectrophotometer using filter k. A calibration curve 

for formaldehyde was constructed by periodate oxidation of 

solutions of Analar glucose, 0.5N  with respect to sodium bicarbonate. 
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Assuming production of one molecule of formaldehyde per average 

polymer unit, a value for the number - average molecular weight, 

M, of the polysaccharide may be calculated. 

11.40 CHROMATOGRAPHIC AND EUCTROPHORMC SEPARATIONS 

Ion-exchange chromatography on diethylaniinoethylcelllOse19 . 

DEAE - cellulose powder (Whatman DE 32, microgranular form, 10 g) 

was treated with 0.5N-hydrochloric acid (250 ml) for 30 min. After 

filtration and washing until the effluent pH was ca.k, the 

exchanger was treated with 0.5N-sodium hydroxide solution (250 ml) 

for 30 mm. After further filtration and washing until the effluent 

was neutral, the exchangevwas equilibrated with 0.02M acetate 

buffer (pH k.i). Columns (5 x 1.3 cm) were packed by continuous 

addition of a slurry of the exchanger (the column outlet being 

opened after the first 2 cm of exchanger had been packed) and 

allowed to settle. Samples (5-10 mg) of polysaccharides in buffer 

0 ml) were washed into the columns with excess of buffer; elution 

of the acidic polysaccharides was performed by application of a 

sodium chloride concentration gradient (0 - 0.5M) in 0.02M-acetate 

buffer (pH 4,1) with total elution volume of 250  rn].0 Fractions 

(2.1 ml), collected using an automatic collector, were screened by 

the phenol-sulphuric acid-method 
4 . The optical density of each 

fraction was read on a ljnicain SP 1300 spectrophotometer using 

filter 2. 

Molecular-sieve chromatography (M-SC) 20,21,22 was carried out 

on columns of:- 
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Bio-Ge]. A-3m, Bio-Gel A-15m,  Bio-Gel  A-150in  (Bio-Rad Laboratories, 

Richmond, California) 

Sephadéx G-25 (Pharmacia Ltd., Uppsala, Sweden). 

M-sodium chloride solution, containing thymol (0,0005%) as a 

bacteriostatic agent, was used as eluant. To prevent deformations 

by "wall-effects", columns were pretreated with dichiorodimethyl- 

0 
silane (h0'a in benzene) at 60 C and oven-dried. 

Gel bed materials were fully swollen by gentle stirring in 

M-sodium chloride solution for one day. A thin layer of glass 

beads or fine sand was used to support the gel, and the gel slurry 

was added continuously to the column from a large filter funnel; 

the gel slurry in the funnel was stirred while excess eluant was 

allowed to percolate through the growing gel bed by regulating 

the flow of liquid from the tap at the bottom of the column. The 

top surfaces of columns of gel were stabilised by a thin layer of 

fine sand. Eluant was allowed to flow through the columns for 

2 days before use. 

For the Bio-Gel columns - polysaccharides (5-10 mgs) in 

M-sodium chloride (i ml) was applied to the column by careful 

layering on top of the bed material. Elution diagrams were 

obtained by 

(a) fractions (2.1xnl) collected by an automatic collector and 

screened by the phenol-sulphuric acid method. The optical 

density was read on a Unicam SP 1300  spectrophotometer using 

filter 2. Collection of fractions was begun as soon as the 

polysaccharide solution had been applied to the top of the column. 
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(b) automatic recording of dyed polysaccharides 
23,24 witlia 

Unicam SP 1300 using filter 3 connected to a recorder. 

Paper chromatography of sugars was carried out on Whatman No. I 

papers using the following solvent systems (v/v):-. 

ethyl acetate, pyridine, water (10:+:3) 

benzene, butan -I- ol, pyridine.water (1:5:3:3, upper layer) 

ethyl acetate, acetic acid, formic acid, water (18:3:1:4) 

ethyl acetate, acetic acid, formic acid, water (18:8:3:9) 

butan -1- ol, ethanol, water (k:1:5, upper layer) 

butan -2- one, water, ammonia (a. 0.88) (200:17:1) 

ethanol, hydrochloric acid (0 0 1N), butan -1- ol (10:5:1)25 

Before using solvent (g), papers were dipped in 0,3M-sodium 

dihydrogen ortho phosphate solution and air-dried. 

The foflowihg spray reagents were used:- 

Aniline oxalate. Reducing sugars were detected by spraying 

chromatograms with a saturated solution of aniline oxalate in 

ethanol, water [1:1 (v/v)J, then heating at 150 0C for ca 3 mm. 

Silver n 4-trate0 Reducing sugars and sugar alcohols were 

detected by dipping chromatograms in a saturated solution of 

silver nitrate in acetone, prepared by adding saturated aqueous 

silver nitrate (i ml) to acetone (lao nil), and sufficient water 

to redissolve the precipitate which formed. After drying, 

chromatograms were sprayed with aqueous ethanolic N-sodium 

hydroxide Ewater:ethanol, 1:9 (v/v)J. Chromatograms were 

preserved by treatment with 10% (w/v) sodium thiosuiphate solution 

and washing with water0 
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Periodate-Permanganate. Reducing sugars and sugar alcohols 

were detected by spraying chromatograms with a mixture of k parts 

of 	(w/v) sodium metaperiodate solution to I part (by volume) 

of 1% (w/v) potassium permanganate in 	(w/v) sodium carbonate 

solution. After 10 mins, excess permanganate was removed by 

washing with water,. 

(+) Glucose was detected by an enzymic method, Chromatograms were 

sprayed in succession with (a) 0.05%peroxidase in 0.5M.-phosphate 

buffer pH 7.0, (b) 0.05% glucose oxidase in 0.5M-phosphate buffer 

pH 7.0 and (c) 0.1% 0-dianisidine in 90% (v/v) aqueous ethanol. 

Glucose oxidase specifically oxidises D-glucose releasing hydrogen 

peroxide, which is coupled to 0-dianisidine by peroxidase to give a 

greeny purple spot. 

R  values of sugars refer to distances moved relative to that 

of the solvent front. R 	values of sugars refer to distances gal 

moved relative to that of -galactose. Rg  values of 0-methyl 

sugars refer to distances moved relative to that of 2,3,4,6 

tetra -0- mthyl - D glucose. 

Gas-liquid partition chromatography (g) of mixtures of 

26,27 0-methyl sugars 	was carried out using a Pye Argon Chromato- 

graph, at argon flow rates of ca 100 m .1/min on columns (120 x 

005 cm) of:- 

15% by weight of ethylene glycol adipate polyester on 45-60 

mesh Gas-Chrom Z at 1760C, 

159o" by weight of butan-1,k- diol succinate polyester on 

80-100 mesh Gas-Chrom P at 1760C, 
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Retention times (T) are quoted relative to methyl 2 9 3,4,6 - 

tetra -- methyl ---D- glucopyranoside as standard. 

Zone electrophoresis of polysaccharides was carried out on 

strips (18 x 5 cm) of cellulose acetate film (Schleicher and 

Schtll, Dassel), using a Shandon Universal laectrophoresis 

Apparatus, Mark II, fed by a Vokam Power Unit, Model 2541, 

capable of providing constant voltage or constant current. O.IM- 

animonium carbonate buffer (pH 8.9) or 0.IM-acetate buffer (pH 4.7) 

was used as electrolyte. Electrophoresis was carried out at a 

field strength of 17.2  volts/cm for 2 hours. Polysaccharide bands 

were located by a modification of the periodate-rosanilifle 

28 
hydrochloride method 

strips strips were immersed in ethanol for 5 mine 

strips were immersed in a solution of sodium metaperiodate 

Ea in water-ethanol, 1.5:10.0 (v,'v)] for 10 mine 

strips were imxners'ed in a solution of reduced rosaniline 

-28 
hydrochloride (20 	until staining was complete (Ca 15 mine). 

Iodine, from reduced periodate, normally appeared on the strips at 

this stage but dissolved in the rosaniline hydrochloride solution 

(tf) strips were washed four times in a solution of potassium 

metabisuiphito (1 g) in N-hydrochloric acid (100 ml). 

(5) strips were.washed in ethanol and dried between sheets of 

glass. 

Polysaccharides were located as a dark mauve band on a pale 

pink background. 
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Thin-layer electrophoresis of polysaccharides was carried out 

on 'Phoroslide&' (Mihipore Ltd.) using 0.05M-ammonium carbonate 

buffer (pH 8.9) and 0.05N-borate buffer (pH 9.2) as electrolyte. 

The following procedure was adopted:-. 

slides (7.5 x 25 cm) were immersed in buffer, blotted to 

remove excess moisture and placed in a "Phoroslid&' cell 

connected to a Vokam Power Unit. 

polysaccharide solutions (1% in buffer) were applied :  from a 

micropipetto, as thin bands 2 cm from the cathode end of the strip. 

electrophoresis was carried out, at field strengths of 

26 volts/cm along the strip, for 10 mins. 

(1+) polysaccharide bands were located by the periodate rosaniline 

hydrochloride technique 
28  described for cellulose acetate 

electrophoresis; After electrophoresis of dyed polysaccharides, 

strips were dried in a current of air. 
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SECTION III 

A STUDY OF ACACIA GUM EXUDATES OF THE SERIFS PHYLLODINEAE 
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111.1. 	INTRODUCTION 

Although Bentham1  placed 277 Australian species in his Series I 

(Phyllodineae) of the genus Acacia, Tindale2  now believes the 

correct number to be at least 570 Apart from some studies of the 

distribution of amino acids in the seeds 3  and of the flavonoid 

content  of the heartwoods and barks, relatively few species of this 

Series have been studied in any respect so far. There have been 

studies of the gum exudates from only six of the Phyllodixieaa, 

namely A, cyanophyUa'6,. A. harpophilla7 l  A, 	 _Za7 

A. penninervia7 , A. podalyiifolia6 ' 8, and 	 but of 

these only A. cnophy, A. podalyriifolia and 	 have 

been studied extensively. All of these were placed by Bentham in 

Series I, sub-series 6F (Uninerves Racemosae) with the exception of 

A.  har2op4)ala which has been placed in sub-series 7F (Plurinerves 

Nervosae). 

A detailed analytical study has now been carried out on the gum 

exudates from a further six species of the Phyllodineae together 

with methylation data for four of them to provide details of struc-

tural features. The gums studied were from A. difformis, A. falcata l  

A. mabellae A. retinodes and A. rubida (which are placed in 

Lonthams Series I sub-series 6?) and A. 2alamifolia which is placed 

in Series I sub-series kC (Calamiformes Uninerves) 

111.20 	ORIGIN OF GUM SPECIMENS 

Gum from Acacia calaxnifolia Sweet ex Lindl,(Bentham No,57) was 

collected, by Mr, R.D. Croll from a bush 1.0 ft, high, 10 miles west 

of Rankin's Springs, New South Wales on 24 January 1970, Gum from 
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A. difformis R.T. Bak. was collected by Mr Croll from a bush infested 

with beetle-borers at Rankin's Springs, New South Wales on 23 January 

1970. Reference vouchers for both these species have been verified 

and are lodged in the Herbarium, Royal Botanic Gardens, Kew. Gum 

samples from A. falcata Wilid. (Bentham No 123)  were obtained on 

15 September 1970 and 25 June 1971, from pruning wmds on a large 

specimen of this species growing in the tropical house, Royal Botanic 

Gardens, Edinburgh. Gum from A. mabellae Maiden was collected by 

Mr. J. Pickard at The Vines, 8 miles SSW of Sassafras, New South 

Wales, on 13 June 1970 (Voucher No NSW 10156),  The gum exudate 

from A. retinodes Schlechtd. (Bentham No 126) was collected by 

Dr. P. Moyna at Montevideo, Uruguay in May 1970 Gum from 

A. rubida A. Cunn. was collected by Mr. A. Rodd at Burbong New 

South Wales, on 25 April 1968 (No NSW 99697). 

111.3. 	EXTRACTION AND PURIFICATION OF GUM SAMPLES 

Crude gum (3_4  g) were dissolved in distilled water ( 

solution) oar 2 days. In the case of A. calamifolia, A. difformis, 

A. falcata and A. retinodes, almost all of the gum dissolved but 

with A. mabellae and A. rubida a great deal of gum remained 

undissolved and required mild treatment with sodium borohydride for 

2 days to facilitate almost-complete dissolution. The solutions were 

filtered through No 1+2 and No I filter papers, dialysed against 

running tap water for 2 days (4 days in the case of samples treated 

with borohydride) refiltered and freeze dried. 
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1110k. 	ANALYTICAL COMPARISON 

Analytical data for the six samples are shown in Table Ifl,A. 

Hydrolysis with N-sulphuric acid followed by chromatographic 

examination of the hydrolysates showed the presence of large amounts 

of galactose, some arabinose, and trace amounts of rhamnose together 

with the aldobiuroniL. acid 6-0-(p-2-gluccpyranosyl uronic acid)-D- 

galactose E R gal  0.27 in solvent (c), 061 in solvent (d) ] • This is 
consistent with results found for A. cyanqpyjla 5  andpyçnantha9 , 

Also detectable were small amounts of what appeared to be, from 

chromatographic evidence, 4-0-methyl glucuronic acid 
[Rgal 1.76 in 

solvent (c); orange/pink spot J 	The presence of this acidic sugar 
is unusual in a IN-hydrolysate; 2N-hydrolysis with sulphuric acid 

is normally required to break uronosyl linkages. 
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TABLE III A. 

ANALYTICAL DATA FOR PURIFIED GUM POLYSACCHARIDES 
FROM ACACIA SPECIES OF THE PIYLL0DINEAE SERIES 

Acacia Acacia Acacia Acacia Acacia Acacia 
calaiiifolia diffc.rmis falcata mabellae retinodes rubida 

Recovery from crude gum 82 93 92 70 81 88 

Moisture, % 12.9 10,2 9.8 11.5 11.4 12.6 

Ash, %a 2.0 1.5 1.8 1.7 2.1 2.0 

Nitogen, %a 0.26 0.28 021 0.23 0.48 0 ,50 

Hence protein, % (N x 
6025)a 1.6 1.8 1.3 1.4 3.0 3-1 

Metioxyl, %b 0187 o.64 0,49 0.41 0,41 0.25 

a in water, (degrees )b +4 -.5 +9 +4 +1 -25 

in 7M-urea. (degrees) 
b +8 -6 +9 +6 +3 -18 

insic viscosity, Er.J, 1 a
gm 

cular weight, 0AW x 

va].ent weight b 

e uronic anhydride, (%)b+c 

ic acid realeased, mN/gin 

odate consumed, mN/gm 

5.8 602 5.1 5.8 9.5 9.7 

24 4.7 7,9 12 73 32 

2430 3420 2290 2870 1770 3010 

7 5 8 6 10 6 

n.d. 3.11 2.98 2,83 4.06 2.91. 

node 909 9,9 9,8 12.0 8.7 

node 3.18 3.32 3046 2,96 2.99 

5 3.5 3 2.5 205 1.5 

2 1.5' 5 3,5 7,5 4. 

84 75 85 76 76 63 

8 19 7 17 12 30 

I I trace 1 2 1 

FoVar

c acid released 

 comvosition after 

pdrol.vsis 

4 .F0=  Methyiglucuronic acid  
Glcuronic acid 

ctose 

inose 

a Corrected for moisture content. 	b Corrected for moisture and protein content. 

C If all acidity arises from uronic acids. d If all methoxyl groups located in this acid. 

no '  d. - not determined 
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Although there are a.few divergences such as the relatively 

high negative rotation of A. rubida (-250).  the relatively high 

molecular weight (730,000)  and uronic anhydride (i07.) of 

A. retinodes, the nitrogen content and intrinsic viscosity of 

A. retinodes and A. rubida, and the galactose-arabinose ratio (2:1) 

of A. rubida, the gum exudates from these six species are analytic-

ally very similar, particularly when it is appreciated that the 

specimens studied were collected in such widely differing geographical 

locations as Australia, Scotland and Uruguay. There is evidence 

- 

from the literature 
12  that the exudates from Acacia species may vary 

with geography and to obtain further evidence on this point gum 

specimens from two other species of the Phyllodineac, A. cyanophylla 

and A. pycnantha have been examined. The composition and properties 

of an African specimen (supplied by the Botanical Research Institute, 

Pretoria) and of a Western Australian sample (supplied by the 

Curator, Perth Botanic Gardens) of A. eyanophylla gum did not differ 

significantly from the values published for a South African sample. 

A similar conclusion was reached when analytical data for two 

specimens of 	çtha gum from New South Wales (supplied by 

Mr. R.D. Croll) were compared with the values given in the 

literature 10  for a South Australian sample. 

There is virtually a complete correlation between taxonomy 

and the analytical data for the exudates from A. calamifolia, 

A. difformis, A. falcata, and A.. mabellae, These species form a 

distinct group in terms of their exudate composition. The galactose-

arabinose ratio in A. calamifolia and A. falcata is greater than in 
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any Acacia gum exudate studied so far13 
	 6 . A. p2dal'iifo1ia '8 '1k  

( [o1J0  +5.3° 9 equiv. wt. = 3585, Uronic Anhydride 4.6%, 

galactose-arabinose-rharnnose 83:16:1 9  M.W 74,000) would also fit 

into this group, as would A. retinodes neglecting the slightly 

higher uronic acid and the much higher molecular weight, which 

may be due to the strong yellow-red colour of the gum. 	- 

The only previous reference to A. difformis was published in 

1897 by Baker 15, who commented that it was one of the few Australian 

Acacias to exude a soluble form of gum. The brief chemical details 

quoted referred only to thô solubility of the gum, the dark colour 

of its solutions (exceptionally daik solutions were not found in 

this study), a negative optical rotation (no value specified), and 

a low ash content. Baker concluded 15  that A. difformis gum would be 

of commercial value if obtainable in quantity but he classified it 

with "the second-class wattle gums of which that from 

is a type". The results of the present study do not substantiate 

the possible commercial use of the gum as its viscosity of 6 ml/g 

compares most unfavourably with that of a good commercial 

grade, viscosity 15 mug. 

Piaker15  stated that Australian Acacias often give optically 

inactive gum dates. This i' in error and possibly arose from 

his inability to detect the low positive or negative rotations of 

some of the Phyllodineae due to lack of a sensitive polarimeter. 

Although the majority:of Australian Acacia species studied 

13 	 0 
recently have specific rotations that fall in the range -10 to 

+100 , A. canohlla 
(350) and A. rubida (-250

) 
in the 

Phyllodineae and severJ. species of the Botryocephalae Series have 
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strongly negative rotations, eg:- A. deanei (-660 ), 

A. parramattensis (_L9°),  A. parvipinnula (..k°) and 

A. trachyphloia (-570). 

Fiom a chemotaxonomic2  point of view, it is becoming 

increasingly obvious that the most anomalous Acacia species studied 

so far are A. pycnantha and A. cyanophyila. No two species differ 

so widely in terms of their exudates, yet Bentham placed them next 

to each other in his Series, and Tiñdale has stated "A O  pycnantha 

appears to be quite closely related morphologically to 

A, 	 .Ulla , although a noteworthy difference is that the 

flowerheada of the former have 50-100 flowers in each capitulum, 

whereas in the latter there are about kO". It is therefore 

surprising that the gum exudates of these species should differ 

so markedly. According to Hirat and Perlin9, A. pycnantha has 

[0tJ D -80  and glucuronic acid - galactose - arabinose - rhamnose 

1-5:65:27:1-2; for A. clanophyfla8  the corresponding sugar ratios 

are 24:46:8:21 and [0L.] 	-20°, At the present time, the gum 

from A. cyanophylla has the highest content of glucuronic acid 

and rhamnose recorded for the Acacia genus; the present study has 

verified that the values quoted in the literature16 are 

substantially correct, because of the importance of the issue and 

the possibility of an earlier analytical error. 

The six gum exudates studied resemble A. podayriifolia and 

A. pycnantha, The latter still remains the least acidic of all 

13 Acacia species studied to date , and A. cyanophylla must be 

regarded as atypical of this series of Acacias. 
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Recently it was suggested 17  that comparisons of the specific 

rotations of polysaccharides in water and 714 urea solution provide - 

a new parameter for the conformational analysis of polysaccharide 

chains. The optical rotation in water is considered to be the 

resultant of the contributions from the primary and tertiary 

structures; the latter exists in aqueous solution but not in 

concentrated urea or guanidine solutions. The values obtained 

for the present species are shown in TablejflA.  Of these, only 

A. rubida, which contains the highest proportion of arábinose, 

appears to have significant contributions from tertiary structure 

to its specific rotation in aqueous solution. 

111.5. PARTIAL ACID HYDROLYSIS 

The polysaccharides (60-100 mg) were hydrolysed with 0 05N 

sulphuric acid (10 ml) for 1 hour on a boiling water bath. The 

cooled solutions were neutralised with barium carbonate, filtered, 

deionised with Amberlite IR - 120(H) resin, 'educed to a syrup 

and chromatograms run in solvent (b). Galactose, arabinose and 

trace amounts of rhaninose were found together with 3 - 0 [3 - D - 

galactopyranosyl - D -galactose (Rgal 0.49) and small amounts of 

6 - 0 -3- D - galactopyranosyl - D - galactose (Rgal 0.27)10116. 

111.6. M1THYLATION OF SAMPLES 

Four of the samples were methylated successively by the Haworth 

and Purdje methods, Yields, specific rotations and methoxyl contents 

of the méthylated products are shown in Table III,B, 
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TABLE III,B. 

METHYLATION DATA FOR FOUR ACACIA SAMPLES OF THE SERIES PHYLLODINEA.E 

A. difformis A. mabellae A. retinodes A. rubidA 

Amount of poly- 
saccharide used 
(mg) 	 296 	299 	232 	304 

Amount of methy- 
lated product 
(mg) 	 '275 	, 272 	208 	243 

P-30 of product 
(in chloroform) 	-50.60 	-36.00 	1+6.70 

	-44.60  

% OMe 	 39.2 ' 	3908 	39.5 	4O.0 

Portions (Ca 50 mg) of the methylated polysaccharides were 

methanoly8ed and the mixtures of -methyl sugars examined by g.l.c. 

The methanolysates were then hydrolysed with N-sulphuric acid for 

k hours on a boiling water bath. The cooled solutions were 

neutralised with barium carbonate, filtered, deionised with 

Anfoerlite IR - 120(H) resin, concentrated and chromatograms run in 

solvents (e) and (f). 

The methyl glycosides detected are shown in Table 111,0. with 

their retention times (T), and R g  values. The relative amounts of 

each component are shown in Table III,D.together with the 0-

methyl sugars found in A. çanophyUa, A.podalyEiifolia and 

A.  ,pcnantha by Kaplan and Stephen  for comparison. 

The methylated 'polysaccharides from the four samples show 



TABLE III,C, 

0- METHYL SUGARS IDENTIFIED IN METHYLATED ACACIA GUNS OF THE SERIES PHYLLODINEAE 

Relative retention time (T) 	 R 
g 
 after 

of methyl glycosides' 	 hydrolysis o - methyl sugar 

column (i) column (2) solvent (e) solvent (f) 

0.49 0.48 1.02 1.03 2,314 - tn 	- 0 - methyl - L rhamnnose 
0,54 1 0,69 0.58 9 0.73 0.95 1,03 2,35 - tn 	- 0 - methyl - L - arabinose 

0.85 1,03 0,79 0.78 2,3,4 - tn 	- 0 - , methyl - L - arabinose 
1.86 1.56 0.79 0.78 2 9 3 - di - 0 - methyl - L - arabinose 
1.64 1.72 0,85 0.84 2 9 3,4,6 - tetra - 0 - methyl - D - galactose 

2.7193.33,(3.91) (2.96),(3.91)9(4.26) 0.71 0.48 2 9 3,6 tn 	- 0 - methyl - D - galactose 

3.65,3.91 3.91 9 4.26 0.71 0.43 2 1 4,6 - tn 	- 0 - methyl - - galactose 
6.42 6.58 0,71 0.36 2,3,4 - tn 	- 0 - methyl - - galactose 
9,2+ 9.28 0.47 0.20 2 1 6 di 	0 - methyl - D - galactose 

14.8 1 16,1 14.97,16.80 0,47 0.12 2 1 4 - di - 0 - methyl - - galactose 
- 0.31 0.05 2 - 0 - methyl - D - galactose 

2.49 9 3.00 2.48, (2.96) - - 2,314 - ti-i ,- 0 -methyl - . D - glucuronic acid** 

'figures in parenthesis indicate T values of components which are 
not completely resolved 

as methyl ester methyl glycoside 

0 



TABLE III ,D. 

RELATIVE AiY3UNTS OF . 0 - METHYL SUGARS IN METHYLATED ACACIA GUMS OF THE SERIES PHYLLODINEAE 

Cd 
•r4 

C) (0 

('S 
i-I 

0.. methyl sugar 
S 
14 H o 

,•rl  
-P 

PL 

C) •rl 
-P 

•r 
o 

-4 0 

('S C) 0 
S S. a o 

• 
S 

. 
S S 

• 
S S S 

2,3,4 - tn 	- 0 - methyl - L - rhamnose I tr 2 1 tr tr 20 
2,3,5 -tn 	- 0 	methyl - L - arabinose 26 30 8 21 11+ 12 3 
2,3 9 1+ - tn 	- 0 - methyl - L - arabinose tr - tr, 3 - - - 

• 	2 9 3 - di - 0 - methyl - L -arabinose - - - 8 1 - 1 	•' 
3,5 - di - 0 - methyl - 	- arabinose •- - - - - - - 

• 	2,5 - .di - 0 - methyl - 	- arabinose 	•. - - - - 3 - 7 
2,3 9 4 9 6 - tetra - 0 - methyl -. D - galactose • 23 32 27 29 26 29 7 
2,3 9 6 - tn 	0 - methyl - D - gaiacose 	' 2 2 1 2 1 6 - 

2 1 4 1 6 - tn 	- 	- methyl - 	- galactose 	•. 16 15 11+ 16 1+ 2 2' 
2,3 9 1+ - tn 	- 0 - methyl - D - galactose 6 2 ii 5 6 8 7 

2,6 - di - 0 - methyl - 	- galactose 	 •. I - 1 2 2 - -. 

2 1 1+ - di 	0 - methyl. • - D - galactose 	• • 20 • 13 	• 28 9 • 1+0 1+2 28 
21311+ - tn 	- 0 - methyl - D - glucuronic acid 	• 	• 5 6 8 1+ 2 2 • 	• 5 
2,3. - di - 	- methyl - .R - glucuronic acid - - - - tr tr 20 
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similar specific rotation and methoxyl content, the former being 

consistent with values found for A. cyanophylla (—'+8° ) 

A. podalyriifolia (-420 ) and A. pycnantha (-500). 

The g.l.c. traces of the four samples show a marked similarity, 

the main components being 2,3,5 - tn - 0 - methyl - L - arabinose, 

2,39 11 9 6 - tetra - 0 - methyl - 1) - galactose, 2 9 11 9 6 - ti-i - 0 - 
so 

methyl - D - galactose, 2,11 - di.- 0 - methyl - 1) - galactose and to 

a lesser extent, 2,3,4 - tri 0 - methyl - - galactose and 2 1 3 9 11 - 

tn - -. methyl - - glucuronic acid. The only di - 0 - methyl 

arabinose found was in A. rubida which contains more arabinose than 

the other four samples. This means that in A. difformis, A. mabellae 

and A. retinodes all the arabinose is end-group arabinose, which is 

consistent with results found from methylated A. podaJyriifoiia. 

A. rubida contains 20 -di. 0 - methyl - L - arabinoso but the 

amount would seem to suggest very short erabinose chains of no more 

than two units long. This fits in to a certain extent with 

A. pyenantha which contains small amounts of 20 - di - 0 - methyl - 

L - arabnose and also 29 5 - d - 0 - methyl - L - arabinose 
6,10 
 

The small amounts of 2,6 - di - - methyl - - galactose are 

thought to arise from slight undermethylation but are not signifi-

cant. The large amounts of 2 - 0 - methyl - - galactose found from 

paper chromatography have been attributed to undermethylatiOn18 

and the fact that the results for the four samples show a marked 

similarity to those found for A. podalyrifolia and  A.  p~Lcnantha 

except for the much smaller amounts of 29 '+ - di - 0 - methyl 
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- D - galactose, suggests that the 2 - 0 - methyl - D - galactose 

might arise from undermethylation of the 2,4 - di - 0 methyl. galactose. 

111.7. 	DISCUSSION 

Analytically, A. calamifolia, A. difformis, A. mabe].lae, 

A. retinodes and A. rubida are similar to A. pyçnantha and 

A. podalyriifolia. They all have a low viscosity (5-10), low protein 

(1.5-3.1), ash, and uronic acid (5-103) contents, and similar sugar 

ratios with high proportions of galactose, some arabinose and trace 

amounts of rhamnose • A. cyanophy, with its high uronic acid and 

rhaniiose values appears to be quite distinct, despite the botanical 

similarities between the species* 

The four methylated samples gave similar g.l.c. traces after 

methanolysis, and the proportions of the various methyl glycosidos 

were similar in each case. The g.l,ce traces were also similar to 

those obtained from A. pycnantha and A. podalifoiia with large 

amounts of end-group galactose and arabinose, smaller amounts of 

end-group glucuronic acid, and trace amounts of rhamnose. Here 

again, A. çanophy1ia does not fit into this general pattern as it 

has large amounts of end-group rhamnose, not very much end-group 

galactose, and much smaller amounts of terminal arabinose0 Perhaps 

even more significant is that, as well as chains of arabinose, 

there would seem to be either chains of uronic acid or non-terminal 

uronie acid residues as seen from the large amounts of 2,3 - di - 

0 - methyl - D - glucuronic acid in addition to the 2,3,4 - tn - 

0 - methyl - D - glucuronic acid. 
to 
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A. cyanophylla therefore appears to be an unusual member of 

the Phy].lodineae Series analytically, although structurally, the 

basic galactan core may be the same as for the others. 

Neglecting A. çyanophylla as being atypical of the Series 

Phyllodineae, Table III,E. shows how Series I Acacias compare with 

those of the other series studied in any detail so far, namely 

Series k and Series 5. 

The Series I Acacias differ quite markedly from those of 

Series 4 and Series 5: there is much more uronic acid than rhainnose; 

only one detectable uronic acid compared to two in Series 5 and four 

in Series k; only two dissaccharides formed, one in very small 

amounts; arabinose side chains, if present, are very, small and 

possibly not more than two or at the very most three units long,  

Also, the structure of the Series I gum exudates would seem to be 

vastly different from that of the Series k and Series-5 exudates. 

When postulating a possible structure for the Series I Acacias 

the following features must be accounted for:- all uronic acid 

- residues must be linked 1 1 6 - to galactose since the only biuronic 

acid detected was 6 - 0 - (p - D - glucopyranosyl uronic acid) - 

- galactose; partial acid hydrolysis studies indicated predoniin-

ntly 1,3 - linked galactose chains with small amount of 1,6 

linked galactose units. The fact that 40_50 of the 0 - methyl 

sugars detected are end-group, ie:- 2,3,4 - tn - 0 - methyl 

rhaxnnose, 2,3 9 4 - tn - and 293,5 - tn - 0 - methyl arabinose, 

2,3,4,6 tetra - 0 - methyl - D - galactose and 2,3 1 k -. tn - 0 

methyl - D - glucuronic acid suggests a very highly branched 



TABLE III,E. 

COMPARISON OF GUM EXUDATES FROM ACACIA SPIES IN SERIES 1, . 4 AND 5 

Properties 	 Series I 	 Series Lf 	 Series 

1, Sign of specific rotation 	negative or 	 positive 	 negative 
slightly positive 

2. Ratio of rhamnose content 	much less than unity 	greater than unity 	 unity 
to uronic acid content 

30 Aldobiuronic acids yielded 	6-0-(p-D.-G.A.)-D-ga1 	6-O-(-D-G.A.)-D-gal' 
on acid hydrolysis 	 - 	- 	6-0-(4-iie-p -D-.A.)-D-gaj 

k.-O-Q3-D-G.A.)-D-gal 
4--(4--4-D.A.)-D-gal 

k. Neutral disaccharides obtained. 3-0-n -D-gal-D-ga]. 	3-0-13 -D-gal-D,-gal 
on mild acid hydrolysis 	6-0-j3-D-gal-D-gal 	6-2-P Z-gal-B-gal 

- 	 3-0- -]-ara ?-L.-ara 
3-0- P  -L-ara p-L-ara 

methyl - L - arabinose 	2,3,5-tri and in some 	2,3,5 and 2,3,4-tri, 2,5-, 
obtained from the methylated 	cases 2,3,4-tri-- and 	3,5- and 3,4-di-0-methyl- 
gums 	 in a few cases 2,3-di- 	L-a.rabinose 

and 2,5-'di-0-methyl- 
L-arabinose 

6. Length of arabinose con- 	I or in some cases 2 	some are at least 6 units 
taming side chains 	 units 	 long  

6-0-(p-D-G.A.)-D-ga].. 
6-o-(4-rit.-p -D-G.A.)-D-ga]. 

3-2—Is --gal--gal 
6-2-p -D-gal-D-gal 
3-07  P --ara f-L-ara 
3-2-P -L-ara p-L-ara 
3-0- $3  72-gal-L-ra 

2,3,5- and 2,3,4-tn and 
2, 5-di-O-methyl-L- 
arabinose 

longest observed is 5 
units long 



TABLE 111 9 E. (CONTD.) 

CONPARISON OF GUM EXUDATES FROM ACACIA SPIES IN SERIES 1, k AND 5 

Properties 

7° Basis of molecular structure 

8. Approximate weight - average 
molecular weights 

	

Series I 	 Series k 

highly branched 1,3-. 	blocks of 1,3-  linked 
galactan framework with 1 9 6-. galactose interspersed 
linkages to the main chain 	by blocks of 1,6-. linked 

galactose in a branched 
galac tan framework 

	

Rw 4.400, 000 	 M850,000  

Series  

branched 113-  linked 
galac tan framework 

iL..< 600,000 
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galactan - core structure. There is furtherindication of 193 - 

and 1,6 - linked galactose chains from 2,4,6 - tri and 2,3,4 --  tn - 

O - methyl - D - galactosides. The 2,4- di - 0 methyl - D - 

galactose indicates galactose residues linked at the 10 and 6 

positions. 

Aspinail, Hirst and Nicolson10  concluded that A. pynanth 

gum was a highly branched structure consisting of a framework of 

D - galactoprranose residues with main chains linked 1--3 and, with 

side chains attached by 1-6 linkages. They postulated two possible 

structures (figure III,i.). 

FIGURE 111 2 10 

-i'3 gal 1—+3 gal 1-33 gal 1-43 gal 1-4. 
6 6 

fr 
I I 

gal gal • 	

-.. 3 gal I —3)3 gal 1 
6 6 

I '-I 
• gal gal 

• • 

• (II) I I 
• 

gal gal 

These do not sufficiently explain the large amounts of terminal 

groups with respect to the rest of the molecule and in particular 

to the amount of 1,3 - linked galactose (shown as 2,4,6 - tn - 

O - methyl - I) - galactose on methylation). 

A possible structural fragment to fit the facts is shown in 
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Figure 111,2. 

R = galactose,rhamnose, glucuronic acid, arabinose 

or arabinose side chains. 

H1 = galactose or glucuronic acid. 

The above structure fits the facts and agrees with the 

structural findings of Aspixiafl at. a].. It also explains the 

difficulty in methylating main chain 1,3,6 - ].inked galactose. 

A Smith degradation study would be required to help clarify this 

picture. 

A. cyanophylla would fit into this picture if the. majority 

of'etd-group galactose residues and some of the end-group arabinose 

residues were substituted by rhainnose and uronic acid or a uronic 

acid - rhamnose terminal end-grouping. However it remains the 

most atypical of the Series I Acacias. 
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SECTION IV 

ANALYTICAL AND STRUCTURAL FEATURES OF 

a2HE GUN EXUDATE FROM ANACARDIUN OCCIPENTALE 
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SECTION IV.A. 

ANALYTICAL COMPARISON OF TWO SAMPLES OF 
GUM FROM ANACARDIUM OCCIDENTALE 

IVA.1. INTRODUCTION 

Anacardium occidentale Linn., more commonly known as the 

cashewnut tree, is a member of the family Anacardiaceae. As well - 

as its use as an adhesive, the gum from Anacardium occidentale also 

has insecticidal properties. Although little work has been carried 

out on. the Anacardiacea, Biswas and Bass 
1,2  have examined the gum 

from Anacardium occidentale in certain detail. They have reported 

that the gum is composed of D - galactose, L - arabinose, L 

rhamnose and I) - galacturonic acid. One aldobiuronic acid, reputed 

to bee .6 - 0 (p - D - galactopyranosyluronic acid) .-  D galactose 

was found. 

This section reports the analytical data for two samples of 

Anacardium occidentale gum from widely differing gographical 

locations and will dispute certain of the findings of the above 

authors0 This study also makes the first ever report of the 

presence of 1) glucose as one of the constituent sugars in a plant 

gum exudate, 

IV. A.20 ORIGIN OF SPECIMENS 

Sample I was collected by Mr. T.P. Baskaradoss, Forest Utilisa-

tion Officer, Forest Department, Tainilnadu, Madras 6, India on 

13 October 1969 
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Sample 2 was collected by Mr.SJ. Colwell of Forest Products 

Research Centre, Boroko, Papua after wounding the bark and sapwood 

at Laloki Agricultural Quarantine Station, Port Moresby on k June 

1971. 

IV.A.3. PURIFICATION OF SAMPLES 

Both samples dissolved in cold water. After 2 days the 

solutions were filtered, dialysed for 2 days, refiltered and 

freeze-dried. Reasonably high yields of freeze-dried polysaccharide 

were obtained in both cases (approx &YX). 

IV.AOkO RESULTS 

Each sample (50 nig) was hydrolysed with N - sulphuric acid for 

7.5 hours on a boiling water bath. The solutions were neutralised, 

deionised and concentrated. Paper chromatography in solvents (b) 

and (c) indicated that Anacardium occidentale gum was very complex 

and not as straightforward as the genus Acacia. Four main sugar 

components were detectable, corresponding to galactose, arabinose, 

rhamnose and one which apparently corresponded to 1) - glucose. 

Small amounts of mannose were observed in both samples on chromato-

gram s run in solvent (c) and sample 1 was also found to contain 

trace amounts of xylose. Another chromatogram was run in 

solvent (c); instead of development with aniline oxalate spray, it 

was sprayed with glucose oxidase reagents, this test being specific 

for glucose. A purple/green spot was obtained for both the 

Anacardium samples as well as for a. glucose standard. Secondary 

development of this chromatogram with aniline oxalate indicated 
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that the glucose spot was in fact the component originally thought 

to be glucose. Tical .Rgal  values for the neutral sugars found are 

shown in Table IV,A. 

TABLE IVA. 

R gal 
 VALUES OF NEUTRAL SUGARS IN 

ANACARDIU14 OCCIDENTALE GUN 

Sugar 

galactose 

glucose 

mannose 

• 	arabinose 

in solvent (b) 	Ral in solvent (c) 

1.00 

1.21  

1. 1+2) not 
) distinguish. 

1.1+2) able 

Colour 

brown 

brown 

light brown 

pink 

1.00 

1.15 

1.27 

1.1+6) one merging 
? pink spot 

xylose 1.73 1.44) pink 

rhamnose 2.25 	•. 2.07 yellow 

Chromatograms run in solvent (c) and solvent (d) also indicated 

the presence of one main a].dobiuronic acid (R gal0,28 solvent (c), 

0.61 solvent (ci)). This is characterised in Section IV.B. There 

were also slight traces of another component (R gal0,62  solvent (c), 

0.83 solvent (ci)). 

Each sample (53 mg) was hydrolysed with 2N - sulphuric acid 

for 7.5 hours on a boiling water bath, After neutralisation, 

deionisation and concentration, paper chromatography of the 

hydrolysates in solvent (f) indicated the neutral sugars found 
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previously together with a brown spot, (R gal 0.75)  consistent with 

D - glucuronic acid. D -galacturonic acid (Rgal  0.64) appears as a 

reddiahbrown spot. The presence of D - glucuronic acid and not 

galacturonic acid was carefully checked by running the 2N 

hydrolysate in solvent (f) against standard D glucuronic acid and 

D - galacturonic acid; the distinction was complete and unambiguous, 

both in terms of the Rgal 
 value and spot colour. 

The analytical data for the two samples are shown in Table IV,B. 

The analytical methods used were as described in Section II with the 

exception that the sugar ratios were determined by running each 

hydrolycato in two solvents (b). and (0) rather than just in one, 

Solvent (b) allowed the calculation of the ratio galactose:glucoso: 

(arabinose + mannose):xylose:rhamnose. Solvent (c) gave the ratio 

(galactose + glucose) :tnannose:(arabinoae + xylose):rhamnose. So by 

combination of both these ratios, the relative sugar ratio for each 

gum was calculated. Neutral sugars were also calculated on the 

assumption that uronic acid residues are attached to galactose The 

percentage of 4 - 0 - methyl - glucuronic acid in each sample was 

calculated on the assumption that all the methoxyl groups are located 

on the 4 - 0 - methyl D glucuronic acid residues. 

Molecular weights were calculated using the average value for 

dn/dc found3  for a series of Acacia species. 
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TABLE IV,B. 

ANALYTICAL DATE FOR TWO SAMPLES OF THE GUM 
FROM ANACARDIUM CCC IDENTALE 

Sample 1 	Sample 2 

Moisture, (%) 
Mh,a (%) 

Nitrogen,a (%) 

Hence protein (%) (N x 625)a 

Methoxyl, (%)b 

1-1-3D in water (degrees )l 
EOL.J])  in 714-urea. (degrees)b  

Intrinsic viscosity ['ri,J (ml g••I)a 

Molecular weight, (MW x io' ) 
Equivalent weight, '° 

Hence. uronic anhydride, W s 
bc 

% Sugar 2rnosition after h,ydrojjsis  

1+ — O-Methylglucuronic acid 
glucuroziic acid, 

galactose, 

arabinose, 

rhamnose 9  . 

xyloae, 

mannose 

glucose,. 

9.5 7.9 

1.3 1.1 

0145 o.i6 

2.8 1.0 

0.31 0.21W 

+24,2 +23.6 

+26.5 . 	nod* 

63 9,1+ 

26 18 

2811+ 3039 

6.2 507 

1.9 12 

4.3 4-5 

61 63 
ik 15 

7 7 
2 — 

2 1. 

.8 9 

a Corrected for moisture content. 

b Corrected for moisture and protein content. 

c If all acidity arises from uronic acids. 

d If all methoxyl groups located in this acid0 



IV.A.5. EXTRACTION AND IDENTIFICATION OF GLUCOSE 

Purified gum (4.46 g, dry weight) was hydrolysed with IN - 

sulphuric acid (250  ml) for 8 hours on a boiling water bath. After 

cooling, the solution was neutralised with barium carbonate, 

filtered, deionised ith. Amberlite IR-20(H) resin, concentrated 

to a syrup (1-2 ml) and chromatographed on Whatman 3MM papers for 

24 hours in solvent (b). Side strips were cut and developed using 

a glucose oxidase spray, and the glucose was eluted from the 

chromatograms. After concentration to a syrup (1 ml), the glucose 

solution was again chromatographed in solvent (b) for 36 hours on 

Whatman 3 M papers. Side strips were again cut and developed by 

the glucose oxidase spray. As before, the glucose was eluted, 

concentrated to a syrup (0.5-1.0  ml) and chromatography was carried 

out in solvent (c) for 36 hours. The glucose was eluted as before, 

the solution concentrated to a very thick syrup and ethanol (3m].) 

added. An off-white precipitate formed at this stage. The ethanol 

solution was refluxed at 6000  for 30 minutes and cooled. ¶fl 

product was filtered and dried at 60 0C giving a pale brown amorphous 

solid (0.061 g, yield 1.3%). 

Some of the solid was dissolved in a drop of water and 

chromatographed in solvent (c) for 24 hours. On development with 

aniline oxalate, one large spot (Rgal 1.09) was observed, which gave 

a positive reaction with glucose oxidase. However, as glucose runs 

only slightly in front of galactose, it is difficult to separate 

these two sugars completely by paper chromatography and the 

possibility of D - galactose impurity in the glucose was expected. 
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A melting point was carried out on a hot stage microscope. 

The sample started to melt at 1 1+6°c, and although extensive melting 

occurred in the range 1 1+6_1 1+8°C 9  melting continued up to 1660c. 

The melting points of pure anhydrous D - glucose and 'D - galactose 
NO 

are 1460C and 1660c respectively: this would seem to imply that 

both glucose and galactose are present. 

Some of the sample was dissolved in water (C = 0.66), a trace 

of dilute ammonia added and the specific rotation determined. The 

value found was +73.2°.  The for pure anhydrous £ - glucose 

0 	 0 
was confirmed to be +52.8 and for D - galactose, +81.7 . Since no 

other sugar components are present, this gives further evidence that 

the extracted product is in fact a mixture of ]) - glucose and 1) - 
03 

galactose. A study of specific rotation against the proportions of 

two ccmponents having distinctly different rotations in a mixture 

has shown there to be a linear relationship (see appendix). So 

from the rotation of the product and the rotations of D - galactose 

and D glucose, it was calculated that the product contained 

about 	glucose. 

X-ray diffractograms of D - glucose, D - galactose, a 30:70 

mixture.of glucose and galactose and the extracted product from 

Anacardium occidentale gum were run using a Philips PW 1050 

diffractorneter (34 kV, 20 mA), This gave final confirmation of the 

presence of D - glucose in the extract, in admixture iwith galactose. 
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IV.A.6. DISCUSSION 

The two samples are remarkably similar analytically. The only 

difference involves the small amount of xylose found in sample I but 

not in sample II. 

Anacardium occiientale gum is an aridic polysaccharide composed 

mainly of galactose but also containing arabinose, rhamnose and 

significant amounts (approximately 8%) of glucose. Trace amounts of 

mannose and xylose may be present, the latter having been reported in 

previous work1 . The intrinsic viscosity is low (6.9 mug) as are the 

protein, methoxyl and ash contents. The molecular weight is also not 

- very high, being around 200,000. The uronic acid content, which i' 

about 6%, arises mainly from D glucuronic acid, but the fact that 

the gum has a methoxyl content indicates that small amounts of k 0 - 

methyl.-,R glucuronic acid may be present which would account for 

the trace amounts of the biuronic acid (Rgal  0.62 solvent (c), 

0.83 solvent .(d)), which, from its 
Rgal 

 values would be expected to 

be of the 1  0 - methyl - D - glucuronic acid - D - galactose type. 

Bose and Biswas192  report only galactose, arabinose and 

rhamnose as the neutral sugars present with a galactose: arabinose 

ratio of 17:1. Bose and Si 96  also state that the results found 

for the gum from Anacardiurn occidentale are identical with those 

obtained for the polysaccharide from cashewnut shell. It seems 

possible that their exceptionally high galactose/arabinose ratio 

may be due to their failure to identify the two components having 

similar R  values, namely galactose and glucose. They would seem 

to have just recognised one large spot which they have assigned as 
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galactose. In the present study, the galactose + glucose: arabinose 

ratios would fit in better with the previous values quoted by Bose 

and Biewas although their arabinose content would seem to be rather 

low; further evidence for this is found in Section IVB where 

structural features of the gum are examined. 

- glucuronic acid was identified conclusively both by 

chromatography of a 2Nhydrolysate of the gum against uronic acid 

standards and by 2N-hydroly8is of the main aldobiuronic acid 

found (see Section IVB). This is in disagreement with the findings 

of Bose and Biswas who stated that D -. ga].acturonic acid was the 

only uronic acid present although they also stated that iminuno-

chemical studies of the gum with Pneumococcua antisera 2  Buggest 

that the gum contains end-group glucuronic acid or its f - 0 - 

methyl derivative. Moreover, Bose and Biawas stated that the gum 

did not have a tnethoxyl content nor contain nitrogen, but this 

study confirms that both nitrogen and methoxyl are. present in small 

amounts. 

The most important feature of Anacardium occidentaleL gum is 

the presence of glucose. There have been no reports of the presence 

of glucose in any gum studied previously. Extraction of pure 

glucose from a gluoose/galactce mixture by chromatography is very 

difficult; attempts to extract pure glucose proved unsuccessful as 

the product extracted from a hydrolysate of the gum was found to 

contain galactose also. Both melting point and specific rotation 

studies indicated the presence of glucose which was confirmed by an 

X-ray diffraction study along with glucose oxidse and chromato- 
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graphic evidence. Further, confirmation of the presence of glucose 

in the gum was obtained during a structural study of the gum; 

methylation of the purified polysaccharide gave 20,4,6 - tetra - 

O - methyl - 	glucose (see Section IVB). 

To ascertain that the glucose was present in the origins], gum 

and was not a degradation product, a mixture containing the same 

proportions of galactose, arabinose, rhrnitnose. and glucuronic acid as 

found in the gum was prepared, hydrolysed and. chromatographed under 

the same conditions as used for the gum. Treatment with tho 

glucose oxidase spray proved negative, indicating that, glucose is 

not a breakdown product of g].ucuronic acid under such conditions. 

Hence it is concluded that Anacardium occidentale gum contains 

glucose as one of its constituent sugars* 

0 jEVI8TRY' 
71 
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SECTION IV.B. 

A STRUCTURAL STUDY OF THE GUM FROM 
ANACARDIUM CCC IDENTALE. 

IV.B.1. INTRODUCTION 

As stated earlier, very little work has been done on the gum 

from Anacardium occidentale, (Cashewnut tree). Much of the data 

2 published by Bose and Biawas has been contradicted in this present 

study 	the presence of D - galacturonic acid has not beert confirmed, 

and this disproves their findings that the only aldobiuronic acid 

present was 6 - 0 - ((3 	- galactopyranosyluronic acid) - D - 
galactose. The structural features of the gum have not been examined, 

although Bose and Soni 96  carried out hydrolysis studies on Cashew-

nut shell polysaccharide and found that the sugars and sugar ratios 

found were almost identical. The galactose:arabinose:rhamnose ratio 

for the shell polysaccharide was stated to be 17:2:1g compared with 

a ratio of galactoae:arabinose of 17:1  for the gum. 

Bose and Soni5  characterised the one disaccharide found on 

mild hydrolysis of Cashewnut polysaccharide as 3 - - (3 	- 

galactópyrauo&yl - 	galactose. They also found galactose 1-46 

galactose linkages present5 . 

This section reports the structural features of the gum from 

Anacardium occidentale, sample I, and includes a complete Smith 

Degradation study. The gum has been found to contain large amounts 

of galactose, much smaller amounts of arabinose, rhamnose, and 

glucose, and trace amounts ((2%) of mannose. Xylose was also 

detected in one sample. 2N - acid hydrolysis has indicated that 
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glucuronic acid is present, not ga].acturonic acid as stated by 

previous workers, and the fact that the gum was found to have a 

methoxyl content indicates that k - 0 - methyl - D - glucuronic 

acid may be present. 

IV.B.2. RESULTS 

PURIFICATION OF GUM 

Crude gum (iko g) was dissolved in distilled water (3 1) for 

2 days giving a brown coloured solution which was filtered through 

Whatman No. 4I filter papers and then through No. I filter papers 

to remove bark and other insoluble debris. The solution was 

dialysed for 2 days, refiltered and freeze dried (76 g, yield k$). 

TESTS FOR HOMOGENEI 

Electrophoresis of the purified gum on cellulose acetate stripe 

in 0.IM ammonium carbonate' buffer (pH 8.9) and O.IM - acetate 

buffer (pH .7) and also on phoroslides in O.IM - ammonium carbonate 
1. 

buffer (pH 8.9) and 0.05M- borate buffer (pH 9.2) showed one broad 

distinct band. Ion exchange chromatography on a DEAE cellulose 

column using a sodium chloride gradient (o.o-0.5M) in 0.02M - 

acetate buffer gave a single symmetric peak and ultracentrifugation 

also showed a single peak. Molecular sieve chromatography o a 

Biogel A-5 column showed a very small peak at the void volums. and 

a large peak at a greater elution volume, A study of the molecular 

sieve pattern of Anacardiuni occidentale with the time' of standing 

after purification has been carried out7  and has shown the peak 

at the void volume to increase in size with increased standing time. 

This has prompted the postulation that the peak at the void volume 

indicates aggregation of smaller molecules 8'. 



All these teats indicate that the gum behaves as a homo-

geneous polymer system. 

IDENTIFICATION OF NEUTRAL SUGARS 

Purified gum (3 - 9) was hydrolysed with N-sulphuric acid 

(150 ml) for 7.5 hours on a boiling water bath. On cooling ,the 

solution was neutralised with barium carbonate, filtered, deionised 

with Axnberlite IR - 120(H) resin and concentrated to a syrup. The 

syrup was applied to a column (1+1 x 2.6 cm) of Duolite A-k resin 

in the formate form. Elution with distilled water (750  ml) yielded 

the neutral sugars of Anacardium occidentale. After concentration 

to a syrup, the neutral fraction was chromatographed in solvents 

(b) and W. Large amounts of galactose were found along with some 

arabinose, glucose and rhaninose; trace amounts of inannose and 

xylose were also detected. (see Table IV,A.for Rgal  values). 

IDENTIFICATION OF ACIDIC COMPONENTS. 

Following elution of the neutral sugars, from the column with 

distilled water, elution with 	formic acid ( 1*00 ml) gave the 

acidic fraction. The acidic solution was concentrated to a syrup 

(formic acid being removed by repeated addition of water followed 

by reconcontratioix to a syrup), and chrornatographed in solvents 

i, c) and W. Galactose was observed along with a large amount of 

an acidic component havinc.Rgal 0.28 in solvent (c) and 0.61 in 

solvent (d) and trace amounts of another component having R gal 

0.62 in solvent (c) and 0.83 in solvent W. 

The trace component was not present in sufficient quantity 

for its identity to be determined, although it appears to have 
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contained 4 - 0 - methyl - D - g].ucuronic acid and galactose. 

The acidic fraction was chromatographed in solvent (c) on a 

Whatman 3MM paper and the main component (R gal 0.28)  was eluted 

and concentrated0 The value of [at]D  was +200  (c, 0.90), which 

suggested the presence of a p D - linkage. Chromatography of the 

eluted biuronic acid in solvent (c) indicated some galactose 

impurity which would account for the higher than expected LoU ])  

value, since normally a - D linkage has an 	value of about 

zero. The syrup (8 mg) was hydrolysed with 2N - sulphuric acid for 

8 hours on a boiling water bath and paper chromatography of the 

bydrolysate in solvents (b), (c) and (g) indicated the presence of 

galactose and glucuronic acid only. The aldobiuronic acid (6 mg) 

was methylated by the Kuhn method. Nethanolysis followed by g.l.c. 

examination of the methyl glycosides on column (1) indicated the 

presence of 2.3,4'-  tn 	0 - methyl D glucuronic acid 

CT 2.59 9  2.99)9  2 9 3,5 - tn - 0 methyl D - galactose CT 4.12, 

4,74) and 20,4 tn 	0 - methyl- D - galactose (T 6.28). Also 

present was 2,3,4,6 - tetra - - methyl D - galactose from 

methylation of the galactose impurity. The methanolysate was 

reduced with sodium borohydride and the methyl glycosides removed 

by IN - acid hydrolysis. Chromatography in solvent (c) revealed 

293, 4  tn - - methyl - D - galactose (RG 0.72, red spot), 

293,5 - tn - 0 - methyl - D - galactose (RG  0.83, brown/black spot) 

and 20,4 - tri 0 - methyl - D - glucose (RG  0 088,red spot). This 

identifies the aldobiuronic acid as 6 - 0 - ( - D - glucopyranosy- 
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luronic acid) - D - galactose. 

PARTIAL ACID HYDROLYSIS OF THE GUM 

Hydrolysis 'of the polysaccharide (100 rug) with 0.5N sulphuric 

acid (io ml) for 1 hour on a boiling water bath, followed by 

neutralisation, deionisation, concentration to a syrup and 

chromatography in solvent (b) showed the presence of the disacc-

harides 3 	- - D - galactopyranosyl - D galactose (R 	0.48)0. 1+8) 

(major component) and 6 - 0 - 	D - galactopyransyl f - galactose 

(Rgal 0.21+) (minor component) together with other higher oligosacc-. 

harides. 

METH!LATION OF INACARDIUM OCCIDENTALE GUM 

The gum (287 rug) was methylated to give a product (178 mg); 

£GL#JJ) - 20.3°  (C, 0.97  in chloroform), OHs 42,6%. MothanQlysia 

of a portion of the methylated product followed by g.l.c. examination 

of the methyl glycosides gave the results shown in Table IVC. 

Hydrolysis of the methyl glycosides, followed by paper chromatography 

in solvents'(e) and (f) indicated the presence of 2 - 0 methyl D 

galactose (RG  0.31; solvent (e), 0,05, solvent (f)) in addition to 

the 0 - methyl sugars found by g.l.c. examination. The relative 

amounts of the 0 methyl sugars could not be estimated completely 

because of incomplete resolution of several of the components. 

However, the values quoted are only approximate and serve to give an 

indication of the proportions of the components present. It is not 

possible to quote a value for the amount of 2,3,6 - tn - 0 - methyl - 

D - galactose, but it is shown to be present)  in small but signifi- 

cant amounts, by paper chromatography of the hydrolysed methyl 

glycosides. 



TABLE Ivç. 

METHYL GLYCOSIDES FROM MMMATED ANACARDIUM OCCIDENTALE GUM 

Relative retention time (T) 	 Rg  after 

hydrolysis 
of methyl glycosides 	

Relative 

	

solvents 	0-methyl sugar identified 	
amounts 

Column (1) 	 Column (2) 	(e) 	(f) 

(0,1+5) 
(O,45),(Q,54) 

(0,99) ,(1.38) 
(1.38) 

(0-54) ,0 .67 
(0.97) 

1.149(2-59) 
1.91 
1"C9  

( 2 .90)9(3.60)9(3-90) 
(3.60) , (3,90) 

6. k 
9.1+3 

15-59 16.4 
(2-59) 9(2-90) 

(o.46) 1.02 1.03 2,394-tri..0-methy1Lrhainnose 	S   
(0, 1 6) 9 (0,56) 1.02 1.03 2 9 3 1 4-tri.0-rnethyl-D-xy1ose 
(1.00),(1.42) 0.99 0.98 2 9 3 9 4 96-tetra-0-methyl-D_glucose  

(1.42) 0.87 0.83 2939496-tetra..0-methy1D_mannoae 
(O.56),0.71 0,94 1.03 29395-tri-O-méthy].Larabjnoee (9) 

(1.02) 080 0,74 2314-.tri-O-methyl-Larabjnose (1+) 
•1.18 1 (2.45) 0.80 0.74 3,5.di-O-methy1-L-arabinose (3) 

2.13 0.80 0.74 3,4-di-0-methyl-L...arabinose  
1.68 0.87 0.7? 2,39496-tetra-0-methyl_D..galactose (25) 

(2.98), (3.85), (k.i8) 0.75 0.61 2,396-tri0-methy1-Dga1actose 
(385)1(4.18) 0.75 0.43 2,4 9 6-tri-O-methylD...gajactose (20) 

6.42 0.75 0,37 293,4-tri-0-methyl-Dga1actoso  
9,1+8 0,55 0.20 2 9 6..di-0-methylD6'.ga1actose trace 

15.36,16.95 0.49 0,13 2 9 4-di-0-methyl-D..galactose (lo) 
(2.45)9(2.98) 

- 2,3,4-tri-0-methy1D_g1ucuronjc (7) 
acid 

figures in parenthesis indicate T values of components which are not completely resolved 
as methyl ester glycoside 



The main components are 2,3,4,6 - tetra, 2,4,6 tri and 

2 9 4 - di - - methyl - I) - galactose, along with end-group rhamnose, 

arabinose, glucose and glucuronic acid. 

PREPARATION OF DEGRADED GUN A 

Purified gum (6.45 g, dry weight) was hydrolysed with 0001N - 

sulphuric acid (350 ml) on a boiling water bath for 96 hours. After 

cooling, the solution was neutralised with barium carbonate, filtered, 

deionised With Amberlite IR - 120(H) resin, concentrated and dialysed 

against distilled water (1 1) for 24 hours. After further dialysis 

against running tap-water for 48 hours, degraded gum A was recovered 

as a pale brown freeze-dried product (3-22.g.  yield 5(u). 

The distilled water dialysate of degraded gum A was concentrated 

to a oytup and portions were chromatographed in solvents (b) and (c). 

Galactose, arabinose, mannose, rhainnose and trace amounts of xylose 

were detected. A chromatogram developed with glucose oxidase spray 

gave a. negative result indicating that glucose was - not present in the 

dialysate. Also present were small amounts of the neutral disacc-

haride 6 - 0 .J- D - glucopyranosy]. - D - galactose (R gal0.31 

solvent (b), 0,28 solvent (c), brown spot with aniline oxalate) and 

trace amounts of the neutral disaccharide 3 - C . - 1) - galacto- 

pyranosy]. - D - galactose (R gal 0.50  solvent (b), 0,46 solvent (c), 

brown spot). No arabinose disaccharides, indicated by pink spots 

with aniline oxalate, were detected. 

PDCANINATION OF DEGRADED. GUM  

Degraded gum A (30 mg-) was hydrolysed with IN - -sulphuric acid. 

for 7.5 hours. After neutralisation, deionieation and concentration, 
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chromatography in solvents (b) and (c) followed by development with 

both aniline oxalate and glucose oxidase spray reagents., indicated 

the presence of only two neutral sugar components, namely galactose and 

glucose, with galactose the major component. 2N - Sulphuric acid 

hydrolysir3 followed by chromatography in solvent (g) indicated that 

glucuronic acid was also present. 

Degraded gum A had 	= +29.1°; a methoxyl content of 0.37% 

indicated the presence of 2. of k 0 - methyl - D - glucuronic 

acid. The equivalent weight of 2029 indicated that 8.7% uronic acid 

was present. The molecular weight, W by end-group analysis was 

found and confirmed to be 1640, which would seem to be very low. 

Partial acid hydrolysis of degraded gum A with 0.5 N - sulphuric 

acid for 1 hour at 100°C revealed the presence of 3 - 0 	- D 

galactopyranosyl - D galactose (R 	0.46 solvent (b)) as the only gal 

disaccharide. 

Degraded gum A (198 trig) was methylated to give a product 

(120 mg) (Found: 	- 22.30  (c 0.6, chloroform); OMe 4o.). A 

portion of this was methanolysed and examined by glc. The methyl 

glycosides found are shown in Table IV,D. Hydrolysis of the mixture 

of methyl glycosides followed by paper chromatographic examination 

in solvents (e) and (f) also indicated the presence of substantial 

amounts of 2 - 0 - methyl - D - galactose in addition to the 0 -  

methyl sugars identified as their methyl glycosides by g.10c. 



TABLE IVD. 

METHYL GLYCOSIDES FROM METHYLATED DEGRADED GUM A 

Relative retention time (T) 
of methyl glycosides R.iil g 'aye Relative 0-methyl sugar identified 

solvent 	fj amounts - 

Column (1) Column (2) 

0.59,0.73 0.58,0.75 1.01 trace 2,3,5-tri-0-methyl-L-arabinose 

1.0091.39 1.00,1.4O 0.98 5 2,3,4,6-tetra-0-methyl--glucose 

1.62 1.72 0.80 33 2,3,4,6-tetra-0-inethyl-D-galactose 

(2.89),(3.37)9(3.89) 3.030.88,4.35 0056 1 2,3,6-tri--methyl--galactose 

(3.57)9(3.89) 3.88 t 4.35 0.47 24 2,4,6-tri-O-oethyl-D-ga3.actose 

6.42 6.64 0.41 6 2,3,4-tri-0-.methyl-D-galactose 

9.24 9,48 0.25 1 2,6-di-0-methyl-D-galactose 

14.8,16,o 13.36,16.95 0.16 20 24-di-'0-methyl-D-galactose 

2.321( 2,89) 2.42,3.03 - 8 2,3,4-tri-0-methyl--glucüronicacid 
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PREPARATION OF D3RADED GUN B 

Degraded gum A (197 g) was dissolved in water (50 ml) and 

0.5 N — sodium metaperiodatè (50 ml) added. After 72 hours in 

darkness at room temperature, 13.2 in moles periodate/g polysaccharide 

had been reduced and 6.1 in moles formic acid /g polysaccharide 

released. The reaction was stopped by the addition of ethylene 

glycàl. (k ml) and the solution dialysed against running tap water 

for 2 days. Sodium borohyd'ide (1.0 g) was added, and after 30 hours 

at room temperature, the solution was dialysed for a further 2 days. 

The solution was then made IN with respect to sulphuric acid and the 

polyalcohol hydrolysed for 8 hours at room temperature, then 

dialysed for 2 days. Degraded gum B was isolated as the freeze-

dried product (0.6 g, yield 31%). 

EXAMINATION OF DEGRADED GUM B 

Degraded gum B was hydrolysed with IN — and 2N — sulphuric 

aàid. Chromatography indicated that galactose wasthe only sugar 

present. Partial acid hydrolysis with 0.5 N - sulphuric acid, 

followed by chromatography in solvent (b) indicated that 3 	— [3 

- £ galactopyranoeyl D -galactose (Rgal 0.46) was also present 

together with higher oIigosaccharides. 

Degraded gum B had Eo63D = +38.30  and the molecular weight, 

n was found (by end-group analysis) to be 2,000. 

Degraded gum B (182 mg) was methylated to give a product. 

(139 mg) ,(Found: EcL.JD - 3.70  (C 0.5, chloroform);OMe 4007%). 

A portion of this was methanolysed and examined by g.l.c The methyl 

glycàsidee found are shown in Table IV,E. Hydrolysis of the mixture 



TABLE IVE. 

METHY1 GLYCOSIDES FROM METHYLATED DRADED GUM B 

Relative retention time (T) . 	 . . 

of methyl glycosides R 	in Relative 
g amounts 0-methyl sugar identified 

solvent ifj 
Column (i) Column (2) 

.1.62 1.69 	. 0.80 13 20,4,6-tetra-0-methyl-D-galactose 

2.89,(3.60),(3.96) 2.90 9 (3.69)1(4.14) 0,55 . 	 1 2 9 3 96-tri-0-znethyl-D-galactose 

	

(3.60) 9 (3.96) 	(3.69)9(4.14) 	. 0.k7 	70 	2,4,6-tri-0-methyl-D-galactose 

.9.36 	 8.79 . 	 0.20 	7 	2,6-di--methyl--galactose 

	

14,305.2 . 	14.6,15.8 	0.12 	6 	2,4-di-0-methyl-D-galactose 
zw 
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of methyl glycosides followed by paper chromatography in solvents 

(e) and (r) indicated the presence of 2 - 0 - methyl - D - galactose 

in addition to the methyl glycosides found from g.].c. examination. 

PREPARATION OF POLYSACCHARIDE I 

Preliminary small-scale experiments indicated that 0.25 N 

sodium metaperiodate solution and an oxidation time of 72 hours were 

required for Anacardium occidentale gum. 

Purified gum (40.7 g) was dissolved in water (1125 wl) and 

0.50 N sodium inetaperiodate (1125 ml) was added. The solution was 

kept in darkness at room temperature and the oxidation followed by 

measuring the release of formic acid with time; aliquots (I ml) of 

the solution were titrated with 0.1081 N - sodium hydroxide, using 

methyl red as indicator (Figure IV 9 1) After 72 hours, 9.79 in moles 

periodate/g polyeaccharide had been reduced and 3.89 in moles formic 

acid/g polysaccharide released. The reaction was stopped by the 

addition of ethylene glycol (23.9 ml) and the solution dialysed 

for 2 days. Sodium borohydride (13.3 g) was added and the mixture 

kept at room temperature for 30 hours, then dialysed for a further 

2 days. By this time the brown colour had almost completely dis-

appeared, leaving a pale solution which was made I N with respect 

to sulphuric acid by the addition of k N acids  and the polyalthol 

was hydrolysed at room temperature for k8 hours. Following dialysis 

for a further 2 days, polysaccharide I was isolated as a freeze-

dried product (11.6 g, yield 28.). 
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FIGURE IV,i. Formic acid released (mrnoles/g) with time (hours) on priodate oxidation of: 

Ci) Anacardium occidenta1e 
	

(2) Polysaccharide I 
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	 (Ii) Polysaccharide III 

(5) Degraded gum A 



EXAMINATION OF POLYSACCHARIDE I 

Polysaccharide I (50 mg) was hydrolysed with I N - sulphuric 

acid for 705 hours on a boiling water bath. After neutralisation, 

filtration, deionisation and concentration, chromatography in 

solvents (b) and (c) indicated the presence of galactose and arabi-

nose only, with galactose the major component. Treatment of one 

chromatogram with glucose oxidase spray proved negative, indicating 

that glucose was absent as well as rhamnose and the small amounts of 

mannose and xyloae originally present in the gum. The actual sugar 

ratios are shown in Table IV.F. 

Hydrolysis of Polysaccharide I with 2 N sulphuric acid for 

705 hours indicated that a very small amount of glucuronic acid was 

present in addition to the galactose and arabinose present. Partial 

acid hydrolysis (0.5 N - sulphuric acid, 1 hour at 100 0C) also 

indicated the presence of much 3 - 0 -3-  D galactopyranosyl - D 

galactose. 

The value of EOL]D was +41 .6; the equivalent weight of 10,000 

was indicative of a uronic acid content of 1.8% which is as expected, 

very low, and the molecular weight,i was found by light scattering 

measurements to be 38 9 800. 

Polysaccharide I (270 mg) was methylated to give a prodtt 

(153mg), (Found: [cUD 1.8°  (C 0.75,  chloroform); OMe '+0.8%). 

A portion of this was methanolised and examined by gl.c. The methyl 

glycosides found are shown in Table IV,G. Hydrolysis of the mixture 

of methyl glycosides followed by paper chromatography in solvents 

(e) and (r) indicated small amounts of 2 - 0 methyl - D - galactose Sm 



• 	 TABLE IV 1F, 

SUGAR RATIOS FOR ANACARDIUM OCCIDENTALE AND ITS DEGRADATION PRODUCTS 

Polysaccharide Constituent sugars 

gal* ara, 	rha. glu. 	maime 	xyl. 	glu, acid 4-0-Me glu. acid 

Anacardium occidentale gum 61 14 	7 8 	2 	2 	4.3 	• 1.9 

Degraded gum A 84 trace 	- 	 • 7 	- 	 - 	 6.5 	• 2.2 

Degraded gum B 100 - 	 - - 	 - 	 - 	 - 

Polysaccharide I 76 22 	- - 	 - 	 - 	 1.8 n.d. 

Polysaccharide II • 90 10 	- - 	 - 	 - 	 - 

Polysaccharide III 97 3 - 	 - 	 - - 

Polysaccharide IV. 100 trace 	- - 	 - 	 - 	 - - 

Polysaccharide V 100 - 	 - - 	 - 	 - 	 - - 
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in addition to the methyl glycosides found from g.l,c. examination. 

PREPARATION BY SEQUENTIAL SMITH - D3RADATION OF 
POLYSACCHARIDES IL.V 

The following weights of polysaccharides, in a sequence of 

Smith - degradations, were oxidised with periodate (0.125 N), 

reduced with borohydride, hydrolysed with sulphuric acid, and the 

corresponding products recovered, all as already described for 

Polysaccharide I. Polysaccharide I (9o2  g) gave Polysaccharide II 

(7.8 g); Polysaccharide II (4.6 g) gave Polysaccharide III (2.8 g); 

Polysaccharide III (2.2 g) gave Polysaccharide IV (1.03 g); and 

Polysaccharide IV (494 mg) gave Polysaccharide V (48 mg). All 

weights are corrected for moisture. The analytical data for each 

product (including the molecular weight, fl values found by end-

group analysis experiments), is shown in Tables IV.F and IV.H and 

the formic acid released with time for Polysaccharides I, II, III, 

IV and Degraded Gum A is shown in Figure VI, 1. 

Partial acid hydrolysis (05 N sulphuric acid for 1 hour 

at ioo°c) of Polysaccharides II, III and TI indicated the presence 

in each of large amounts of 3 - -1) - galactopyranosyl ]) 

galactose. 

All of the Smith-degradation products were methylated in the 

normal way. The yields, [LJD values and rnethoxyl contents of the 

methylated polysaccharides are shown in Table IV,I. Portions of 

each product were inethanolysed and examined by g010c. The methyl 

glycosides found together with their relative amounts are shown 

in Table N.G. Hydrolysis of the methyl glycosides followed by 

chromatography in solvents (a) and (f) indicated the presence of 
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TABLE IV%G. 

RELATIVE PROPORTIONS OF 0 METHYL SUGARS 
PRESENT IN POLYSACCHARIDES I-V 

POLYSACCHARIDE 
0 - methyl sugar  

I 	II III IV 	V 

2,3,5-tri--methyl--arabinose 12 6 2 	1 

2,3,4-tri--methyl--arabinose trace 

3,5-di-0-methyl-j-arabiflOse 11 5 i 	- 

• 3, 1+-di-0-methyl-arabinose 2 - 

2,3,4,6.4etra--methyl--galactOse 17 16 14 	14 	12 

2 2 	2 	3 

• 37. 52  66 	73 	• 77 

• 

k trace - 	 - 

2.6.di-metbyl--galactOSe 3 13 13 	10 	8 

2,4di-0-methy1--galactO8e 8 •5 3 	trace 	trace 

2,3,4_tri__rnethy1__g1UCUrOfliC acid 4 - 



TABLE IV,. 

ANALYTICAL DATA FOR ANACARDIUN OCCIDENTALE AND ITS DEGRADATION PRODUCTS 

• 

Periodate Formic acid Molecular 
Polysaccharide Yield* 

EOtJD 
reduced 	after released after weight 72 hours 72 hours 

(%) (degrees) Cm moles/9) (in moles/g) (x103) 

Anacardium occidentale gum 51+ +24.6 949 3.89 260 

Degraded gum A 1+9 +29.1 13.2 6.11+ 1.64 

Degraded gum B 31 +38.3 nod. nod. 
aN 

2.00 

• 	 Polysaccharide I 29 +1+1.6 2,50 2.32 38.8 

Polysaccharide II 77 +39.9 1.1+6 1.25 3.21+ 

Polysaccharide III 53 +35.2 • 	 1.30 	• 1.58 5.92 

Polysaccharide IV 1+8 +38.1 2.01 0.98 3.74 

Polysaccharide V 8 nod. n,d* nod. n.d* 

oorrectéd for moisture 

Mn by end-group analysis except for Polysaccharide i 	 nod. - not done 

and the gum itself 
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2 - 0 - methyl - - galactose in each product in addition to the 

other methyl glycosides identified from g.l.c. 

TABLE IV,I. 

METIIYLAICN DATA FOR SMITH D3RADED 
POLYSACCHARIDES I-V 

Polysaccharide 

II 	III 	IV 	V 

Amount of polysaccharide 
used (mg) 	 270 

Amount of methylated 
product (mg) 	 153 

[cUD of product, (degrees) -18 

OMe of product, % 	1e0.8 

208 253 110 	30. 

Not 
130 152 59 	isolated 

82 8e2 —8.9 

4208 41.6 '+i.k 	- 

• 	IV.B.3. 	DISCUSSION 

Purified gum from Anacardium occ identale  was examined by zone 

electrophoresis, thin-layer electrophoresis, ultracontrifugation and 

ion-exchange chromatography; each of these experiments indicated a 

one-component system. This is con8istont with the results found by 

Bose and Biswas2. Molecular sieve chromatography on a Bio-gel A5 

column showed, in addition to the large peak as expected, a small 

peak near the void volume. Further experiments by a colleague 

indicated that the size of this peak at the void volume was related 

to the time of standing after purification7 ; peak size increased 
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with increase in time of standing. This is similar to the results 

found during molecular sieve experiments with Acaciaca=Ylacantha9 s  

and it is thought that the peak at the void volume is due to 

aggregation of smaller molecules. So, from these tests to establish 

homogeneity, it would seem probable that Anacardiura, oecidentale 

exhibits the same type of heteropolymolecularity as certain Acacia 

11,12,13 	 10 
gums 	and the gum from Lannea hurnilie . 

IN - Hydrolysis studies showed the gum to consist of galactose 

(61%), arabinose (ik%), rhamnose (7%), glucose (8%), mannose and 

xylose (small amounts approximately 	each), glucuronic acid (5%) 

and its - 0 - methyl derivative (s). Partial acid hydrolysis. 

showed the presence of two detectable disaccharides namely 3 - 0 

- D - galactopyranoyl - D - galactose (major component) and 6 - 0 - 

- D g.lactopyranosyl - D galactose (minor component). No 

arabinobiosea were detected. 

Separation of a large-scale IN - hydrolysate on a Duolite A 1f 

ion-exchange resin column into neutral and acidic fractions showed 

the presence of one major aldobiuronic acid and trace amounts of 

another. The major aldobiuronic acid was characterised as 6 - - 

(P_ .D - glucopyranosyluronic acid) - D - galactose by hydrolysis 
and methylationexperimente. The minor component was not present in 

sufficient quantity for it to be characterised; but from its Rgal 

values in various solvents and the fact that only one other 

acid 
aldobiuronicis present, it would seem reasonable to assume that it 

was the aldobiuronic acid 6 - 0 - (1+ - 0 - methyl 	D - gluco- 

pyranosyluronic acid) D galactoso. 
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The gum was methylated; and on subsequent xnethano].ysis, g.l.co 

and hydrolysis examination, 2,3 9 1+ - tn - 0 - methyl - L rhimnose, 

2,391+ - tn - - methyl - D - xylose, 2 9 3,11 9 6 - tetra - 0 - methyl - 

D .- glucose, 2,3,5 - and 2,3,11. - tn -, 3,1+ - and 3,5 - di - 0 

methyl - L - arabinose, 2,3 9 11 9 6 - tetra -, 2,3 1 6 - 2 9 4 9 6 and 20 9 1+ - 

tn -, 2 9 1+ - di and 2 0 - methyl - D - galactose and 2 9 3,1+ - tn - 

D - glucuronic acid were identified. Rheninose, xylose, mannose, 

glucose and glucuronic acid are therefore all present as end-group 

residues. Also present as end-group residues are considerable amounts 

of galactose and arabinose. To accommodate such a large amount of 

end-group residues, the gum would have to be a very highly branched 

structure, which is consistent with the low viscosity found (6.3m1/9). 

Mild acid hydrolysis of the gum by 0.01 N - sulphuric acid gave 

a 50% yield of degraded gum A, together with considerable amounts of 

galactose, arabinpse, and rhamnose and trace amounts of mannose and 

xylose. Also liberated were 6 - 0 -B- D - galactopyranosyl - D - 

galactoso and trace amounts of 3 	D - galactopyranosyl - D - 

galactose. No glucose was released from the gum during mild acid 

hydrolysis, as shown by a negative glucose oxidase reaction. 

Degraded gn A was found to contain galactose (811%) 9  glucose 

(7%) and uronic acid (9%) only. Partial acid hydrolysis showed the 

presence of only one disaccharide namely 3 0 -p- D - galacto-

pyranosyl - 1) - galactose. The molecular weight, H was found by 

end-group analysis. to be 1,60, a value which would seem to be very 

low, since the molecular weight (H) of the whole gum was found by 

light scattering measurements to be 260 1000, A molecular weight of 
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1 ,640 would imply the presence of only 9 residues which is obviously 

incorrect. However, end-group analysis is based on the assumption of 

one reducing end-group forming one molecule of formaldehyde, so it 

would seem possible that more than one reducing end-group was present 

thus giving more formaldehyde formation and hence a mach lower value 

- for molecular weight. Repeating the experiment verified the above 

value. So this would imply fragmentation of the gum during mild 

hydrolysis, many fragments being too large to be removed by dialysis. 

This seems possible since much degradation had occurred as shown by 

the large amount of periodate consumed. Hydrolysis of some 

galactopyranosidic bonds had also occurred as showvi by the large 

amounts of galactose and some galactobiose units in the diffuzate 

from the dialysis of Degraded gum A. Higher oligosaccharide unite.  

were also observed in the dialysis diffusate adding further evidence 

of fragmentation on quite a large scale. This is furthermore 

consistent with results found during mild acid hydrolysis of many 

of the Acacia gums9 0 

Methylated Degraded gum A. on methanolysis and hydrolysis gave 

2,3, 11,6 - tetra - 0 - methyl - D - glucose, 2,3,'+,C - tetra -2,3,6 - 

2,k6-  and 2,3,k-tri, 2,L+ and a small amount of2,6di_and 

2 - 0 - methyl 	galactose as well as 2 9 3 9 4 - ti-i - 0-methyl 

- D - glucuronic acid. A trace but insignificant amount of 2,3,5 - 

tn - - methyl - 	arabinose was also detected. The presence of 

2 96 - di - and 2 - 0 - methyl - D - galactose is ascribed to under- 

methylation. 2,3 1 6 - Ti-i - 0 - methyl - 1) galactose may arise 

from undermethylatiori of some end-group galactose or it may indicate 
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that a small number of galactose residues are linked at the I+ 

position. The glucose and g].ucuronic acid residues are present as 

end-groups. The fact that glucose is present is indicative of a 

strong galactose-glucose bond, which is unaffected by such mild 

acid treatment. Since galactopyranosidic bonds should not be 

broken by mild acid hydrolysis then galactose-glucose bonds would 

not be expected to be broken either. The fact that the relative 

amounts of 2 9 3,4 — tri 0 — methyl — D — galactose and 2,3 9 4 — tn — 

- methyl — — glucuronic acid are almost the same would seem to 

confirm the aldobiuronic acid as being 6 — 0 — ( — D — glucopyrano-

syluronic acid) — D — galactose especially since no 1 1 6 — linked 

galactobioses were observed after partial acid hydrolysis. 

Peniodate oxidation of Degraded gum A gave Degraded gum B which 

was found to contain only galactose. Partial acid hydrolysis again 

only showed the presence of a 1,3 — linked galactobiose in addition 

to higher oligosaccharideae Methanolysis and hydrolysis of Degraded 

gum B indicated the presence of 2 94,6 — tn 	— 0 — methyl — D — galactoe 

and 2 9 3,4 9 6 — tetra — 0 — methyl — 1) — galactose as the major compon- 

ents with the former being by far the major component. Also present 

were small amounts of 2 9 3,6 — tn —, 2 96 and 2 9 4 — di — and 2 — 

methyl — D — galactose. The absence of 2,3 9 4 — tn — 0 — methyl — 

D — galactose confirms that galactose is linked by the 6 — position to 

end-group uronic acid residues. 

The molecular weight, ( 	of Degraded gum B was found by end- 

group analysis to be 2 9000. The fact that this is higher than the 

value obtained for Degraded gum A is possibly due to the degraded 
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fragments, which gave rise to the low value for Degraded gum A. 

being small enough to be dialysed away. 

From the results found for Degraded gum A and Degraded gum B. 

a possible structure for Degraded gum A would be:- 

.6 

gal 	. 

6 	 . 	 6 
gall-6gall -3  gall _3gall3gall3gal1_6gal3-lgt13- igal3 1  gal3-1 gal. 

I 
gall-6ga]. 

I 
• 	. gal3Igal3-igal6-1J.A. 

6 

1 • 	 • 	
gal 

FIGURE IV2. 

where gal= galactopyanose, glu = glucopyranose, U.A. = glucuronic 

acid or its k 0 - methyl derivative. 

Such a structure on Smith degradation would give rise to a structure 

for Degraded gum B of:- 



'It, 0  	

gal 	 gal 

1 	 .3 
I 	 I 

3 	 1 
gall -3gall-3gll-3gall-3gall-6gall..3gall-3gi 

	

- 	 I 
gal 

I 
gal3-1gal3-1gal 

FIGURE IV 9 3. 

These structures fit in with the results found. 

Anacardium occidentale gum was subjected to five successive 

Smith degradations giving Polysaccharides I-V. The first degrada-

tion, which was quite drastic as shown by the large amount of 

periodate reduced and the low yield obtained, removed all the xylose, 

maxmose and glucose which was end-group along with a lot of gala-

ctose, arabinose and glucuronic acid. Since 2,3 94 - tn - 0 - methyl 

- D glucuronic - acid only was observed in the methylated 

polysaccharide from Anacardium occidentale implying that all the 

g].ucuronic acid was end-group, all uronic acid was expected to be 

removed in the first degradation. However, the fact that a small 

amount of glucuronic acid is left in Polysaccharide I. is attributed 
14 

to incomplete oxidation due to steric hindrance 

ri values were found for Polysaccharides II-IV by end-group11.  

analysis. A very low value of 3,240 was recorded for Polysaccharide 

II, indicating fragmentation similar to that: suspected in Degraded 
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gum A. Evidence for this possibility is found in the fact that a 

much higher yield (77%) of Polysaccharide II was obtained than 

would be expected implying that fragments may have been freeze-

dried along with the expected product. This is similar to results 

found during the degradation of Lannea humi4 10. The H values for 

Polysaccharides III and IV would seem to be reasonable indicating 

that the fragments present in Polysaccharide II have been degraded 

sufficiently to allow them to dialyse away. 

All the 1 9 6 - linked galactose was also removed during the first 

Smith degradation indicating that such galactobioses may be present 

at the end of galactose chains as shown in Figure iV,k. 

gal 
	

lgel6 -1 gal 

1 
R 

FIGURE IV,k. 

Where R = arabinose, rhaninôse, glucose or arabinose side chains. 

Examination of methylated polysaccharides I-V gave the 0 - 

methyl sugars ehown in Table IV,G. Five Smith degradations were 

required to remove, all the arabinose, indicating that some of the 

arabinose side chains were 5 units long. However the small amounts 

of 2,395 tri and 3,5 di - 0 - methyl L - arabinose in 

Polysaccharide III and the trace amount of 2,3,5 - ti-i - - methyl -• 

L - arabinose in Polysaccharide IV indicate the presence of very few 
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(possibly only one) five-unit arabinose che(n'. Identification of 

2,3 9 4 - tn - - methyl - - arabinose and 3,11., - di - 0 - methyl 

L - arabinose are indications of the presence of arabinopyranoso 

residues. Arabinopyranose residues should all be removed during the 

first Smith degradat.on. Only trace amounts of 2,3,14 - tn - 0 

methyl - L - arabinose were observed in Polysaccharide I confirming 

almost complete removal of end-group arabinopyranose residues. The 

presence of small amounts of 3 9 14 - di - 0 - methyl -L - arabinose in 

Polysaccharide I would seem to indicate incomplete oxidation of all 

arabinopyranose residues present as units within an arabinose chain. 

This may be due to steric reasons 
14  as with the case of the remaining 

glucuronic acid. 

The fact that only 3,4 - and 3,5 - di - 0 - methyl arabinose 

were found in the gum itself and its degradation products indicates 

arabinose units in a chain linked 1 1 2 -. This differs from the 

majority of arabinose side chains in the Acacia genus which are 

193 - linked. 1 1 2 - linked arabinose side chains would be a more 

strained system than corresponding 193 - linked chains which would 

help to explain why all the arabinose is removed during mild acid 

hydrolysis and also, why no arabinobioses were observed (normally 

pink spots) either in the dialysate from degraded gum A or in any 

of the partial acid hydrolysates (0.5NH2S014 for 1 hour). 

The [CUD values for Polysaccharides I to IV were almost 

identical and the same as the value for Degraded gum B. This would 

indicate that after the first Smith degradation the basic structure 

of the gum remained virtually the same. So a great deal of 
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degradation would be expected to occur during the first treatment 

with periodate. This was confirmed by the low yield (2) of 

Polysaccharide I. This identifies Anacardium occidentale as having 

70 of its structural units susceptible to periodate oxidation 

and is indicative of a highly branched tructure (see Figure IV,1+) 

similar to that of the Group I Acacias (see Section III). 

Assuming that 2,3,6. - tn -, 2 1 6 - di - and 2 - 0 - methyl - 

D - galactose arise from undermethylation then the main components of 

methylated Polysaccharide I-V are 2,3,4,6 - tetra and 2,4,6.-  tn - 

O methyl D - galactose with smaller amounts of 2,1+  di. 0 - 

methyl - D - galactose. Assuming that 2 - 0 - methyl - - galactose 

arises from undermethylation of 2,1+ - di - 0 - methyl - D - galactoas 

possibly indicating 1,3,6 branches close together (see Figure IV,5) 

then this fits in with the picture of a highly branched - 1,3 - 
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linked galactan framework with side chains linked - 1,6 to the 

main chain. The low viscosity found for Anacardium occidentale 

would suggest a highly branched structure0 

• 1 _ _ 

----43ga11 	>3gall 	)39all 	)39all-3---- 

6 
• 	 - 	 FIGURE IV,5. 

A possible structural fragment of the gun is shown in Figure 

IV 96. This consists of 1,3 - linked galactose chains linked through 

- 1,6 linkages0 On the ends of these 1,3 - galactose branches 

are rhamnose, glucose, glucuronic acid 9  arabinose orarabinose 

aide chains of one to five units long. The glucuronic acid is 

always joined onto the C6  of a galactose residue. The attachment 

of glucose and rhamnose is unknown. Due to the absence of 2,3 - 

di 0 methyl - D glucuronic acid in the methylated gum, 

rhannose cannot be joined to the k - position of glucuronic acid 

as has been established for Acacia gume99 159 16  Attachment is 

possibly through the 3 - or 6 - positions of galactose. Arabinose 

and its side chains are also thought to be either 193  or 1,6 - 

linked to galactose. 

The presence of small amounts of 2,4 - di - 	methyl 

galactose in methylated Polysaccharide V shows that it is not a linear 

molecule, but has a small amount of branching: possibly only one or 

two branches. 
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R gal &u.a. 

R" rer.resents Dglucose or D-glucuronic acid. 	. R represents D - mannose, - xylose, L - rhanmose, 
L - arabinose or 1,2 - linked arabinose chains. 

POSSIBLE STRUCTURAL 1RAGMENT OF ANACRDIT3M OCCIDENTALE GUN 
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The structural fragment shown in Figure IV,6, which, it must be 

emphasised, is not intended to repreàent any repeating structural 

unit within the molecule, is only one of many similar structures 

which can be postulated on the derivedevidence.. It resembles the 

12 
galactose framework found for Acacia gums 9,11901 Beitham'a Series 

5, Vu].gares. It also resembles the Series 5 Acacias in that it 

contains only two aldobiuronic acids namely 6.- 10 - 	 - - gluco- 

pyranosyluronià acid) - D - galactose and 6 - - (k - - methyl - 

- D - glucopyranosyluronic acid) - D - galactose, the longest 

observed arabinoèe side chains are 5 units long although none were 

found to be terminated by galactose, and the rhamnose to uronic acid 

ratio bias found to be unity. 

'-1 
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SECTION V.A. 

COMPARATIVE ANALYTICAL FEATURES OF GUM EXUDATES 
FROM THE GENERA COMBRETUM AND TERMINALIA 

V.A.1. INTRODUCTION 

PLANT GUNS OF T11i FAMILY COMBRETACEAE R.Br. 

The Combretaceae form an important family of tropical and sub-

tropical genera: the botanical relationship between its 20 different 

genera is shown in Table V.A,1.in terms of the recent revision by 

Exell and Stace 1 , which involves an organisation into 2 sub-families, 

2 tribes and 3 sub-tribes. 

To date, only 5 species belonging to the Combretaceae have been 

involved in studies of plant gun exudates, namely Anogoissus 

latifolia2_6, Anogeissus schirnperi Hochst, [ syn. A. leiocarpus 

-17-11 	 12r 
DC., Guill. etPerr. j 	Combretuni 	ticiflatum L Yflo 

C. collinumFresen. subsp. 	opilinum (Diels) Okafor 

Combretum leonense Engl. and Diels135  [syn. C. glutinosum Perr. ex 

DC..] and Terminslia tomentosal6e 

In view of the fact that Anogeissus latifolia is the origin of 

gum ghatti, a gum exudate of considerable industrial importance, and 

because the gum from C. leonense was found to be a very viscous 

polysaccharide of potential commercial interest, it was considered 

to be 'desirable to study as many other gums from Combretaceae species 

as possible to establish their composition, properties and structural 

features, Section V.A.reports the analytical data of 12 Combretum 

species and 2 Terminalia species. 
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TABLE V.A,1. 

Family 	 —). Sub-families 

Combretaceae 	 (a) STREPHONEMATOIDEAE Engl. and Diele 
[ I genus: StreRhonema Hook, f. 

(7 spp.) J 

(b) COMBRET0IDEAJ (o genera) 

LAGUNCULARIEAE Engl. and Diels 
- - -'uncularia Gaertn. f, 

nitzera Wilid. (2 app.) 
ro teranthea F. Muel]. 
' app, 	3 

COMBRETEAE (16 genera) 

Sub-tribe 	 Sub-tribe 	 Sub 

COFRETINAE (7 genera) PTELEOPSIDINAE 	TERIINALIINAE (8 genera) 
(I genus) 

[Thi3Oa Ejchl. (3 app.). [Pteleopsie. 	[Terminia L. (approx 
Quisgualis L. (16 spp.) 	Engl. 	 150 app.) 
221xis TuJ.., (22 app.) 	(10 CPPs)j 	 411a Kunth (6 app.) 
Meiostemon Exell and 	 TerlilinalioDsis Danguy 

St 	(2 app.) 
Guiera Jue (1 app.) 	 Bucida L., (9 8pp.) 
Calcoeris Lam 	 Buchenavla Eicbl. 

• 	(1 app.) 	 pp.) 
Combretum Loefi. 	 Anopceissus Wall. 
•Trox 200 app.)  

Finetia Gagnep. 0 app.) 

I ConocarDus L., (2 app.) 
J 

	

us 	 _ 

Combretum 	 Cacoucia 	 Apetalanthum 

( N.B.:- app, = species) 



86. 

BOTANICAL NOMENCLATURE OF THE GENUS COMBRETUM 

The genus Combreturn Loefl. is the largest in the Family 

CONBRETACEAE (order, MYRTALF1S); it is cosmopolitan in the tropics 

and sub-tropics, although abent 17  from Australia and the Pacific 

islands. The naming of species in Combretuni has long been recognised 18 

an a difficult problem, especially in the absence of flowers. Over 

600 specific names are now imown17  to have been used to represent 

some 250 actual species, and consequently the synonymy 18 frequently 

unusually extensive (see origin of samples). The greatest range of 

structure and most of the difficult taxonomic problems are found in 

Africa, where approximately 180 of the kuown species occur 17, there 

are approximately 30 Asian species 19 . 

There were several attempts at taxonomic classification in the 

20 nineteenth century. Engler and Diels divided the species on a 

world-wide basis into 55 sections in 1899,  and their classification 

still forms the basis for modern revisions, such as Exell s account 18 

of the American specie s. A revision by Exell and Stace 1  in 1966 

grouped Engler and Diel's sections, and 10 sections added by other 

authors, into subgenera, the major of which are subgenus Combretum, 

subgenus Cacoucia and subgenus Ape ,talanthum. In 1969,  Exell and 

Stace21  described 3 new sections (all African species) of the sub-

genus Combretuin; this brought the total number of sections in the 

genus to 68, of which 22 in subgenus Conibretum and 5 in subgenus 

Cacoucia are recognised in Africa. - 

These taxonomic difficulties have arisen because the genus 

Combretum is a complex, heterogeneous population in which there 
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appears to be a continuous re-shuffling of genes l8;  a number of 

characters are found in nearly every combination. All that can be 

done is to give the "complexes" or "aggregates" of species the 
/ 

earliest legitimate name available; with new material continually 

22 being collected and ideas constantly changing, there is no way of 

avoiding the inconvenience of changing the preferred name for 

species and for the extensive use of synonyms. Exell has pointed 

18 I' out that there are three types of synonym: aj nomenclatural 

synonyms indissolubly linked with the accepted name, (b) names 

given to plants that appear to be identical to the type, (c) names 

given to plants that differ from the type in certain characteristics, 	( 

each of which represents one of the ways in which a number of 

characters can combine in a heterogeneous population. 

V.A.2. NOMENCLATURE AND ORIGIN OF THE COMBRETtJM GUN 
- SAMPLES USED IN THIS STUDY 

I. C. collinum Fresen., syns. C. binderanum Kotachy, C. mechowianuni 

0. Hoffm., C. laeteviride Engl. and Gilg., C. cognatuzn 

Diels, C. bajonense Sim, C. gazense Swynnerton and Bak. f., 

C. junodii Dummer, C. album De Wild., C. angustilanceolatum 

Engl., C. SEiseiflorum S. Moore, C. mifleranum J3urtt, 

C. topbamii Exell ex Burtt Davy and Hoyle, C. abercomense 

Exell, C. burtii Exell, C. eylesii Exell. (There are other 

synonyms, and also 11 subspecies.) 

Medium size, dark nodules, collected by Mr. J.H. Dick, Regional 

Forest Officer, in September 1965 at Isenegaza Public Lands, Tabora, 

Tanzania. 	 [Sect. 114ETALLICUM j 
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2. C. collinum Fresen. subep. hypopilinum (Diels) Okafor, syns. 

C. verticillatuni Engl., C. hypopilinuin Diels, 

C. kattoense Exe].l, C. flavifloruin Exeli. 

- Collected in 1955  for (the late) Professor R.J. Mcllroy by 

Mr. Oseni, Botanist at Western Region Department of Forestry, 

12 
Ibadan. A preliminary examination of this gum was published by 

Professor Mcllroy, who subsequently very kindly placed his 

Fraction A at our disposal for this work, 	[Sect. METALLICUM 

30' C. erythrophylum (Burch.) Sond., syns. C. glomorulifloruin Sonde,, 

C. riparium Sonde, C. sonderi Gerr, ex Sod., C.' ligustrifoliuni 

Engl. and Diels ex Bak. 1., C. lydenburgianuni Exigl. and Diels, 

C. calicifolium sensu Monro e .  

- Collected in October 1970 by tlr, T. Gordon at Audley End Farm, 

Darwendele, nr. Salisbury,' Rhodesia* 	[Sect. ANGUSTIMARGINATA J 

k. C. zeyheri Sonde, syns. C. tinctoruni Weiw. ex Laws., C. teuszii 

0. Hoffm., C. glandulosum F. Hoffm., C. oblongum F. ioffrn., 

C. bragaeEngl., C. lopolense Engi. and Diels. 

- Small, dark nodules collected by Mr. J.H. Dick in September 1965 

t Isenegaza Public Lands, Tabora, Tanzania. [Sect. SPATHULIPETALA J 

5. C. molle R. Br., syns. C. velutinum DC.,. C. tricanthum Fresen., 

C. lepidotum A. Rich., C. gueinzii Sond,, C. holosericeum 

Sond.,kae Engle s  C splendens Engi., C. ulugurense 

Engle and Diels, l]2inii Eng]., and Diels, 

C. splendens Engi., C. arbuscula Engi. and Gilg, 

C.atelanthum Diels, C. arengense Sun, C. ellipticum 
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Sim, C. pretoriense Dunmier. (There are other synonyms 

and some subspecies.) 

- Medium-size, pale nodules, collected in September .1965 by Mr. J.H. 

Dick at Isenegaza Public Lands, Tanzania. 	[Sect. CILIATIPETALA 3 

6. C. molle R. Br. (as for 5.). 

- Large, pale nodules collected in:August 1967 by Mr. G.E. Rieyemamu, 

Regional. Forest Officer, at Tabora, Tanzania. 

[Sect. CILIATIPETALA 3 

70 C. apiculatum Sond., syn. C. glutinosum Wood non Perr, ex W. 

- Obtained from BAUCHI, Northern Nigeria, in January 1967, per 

Mr. Kenyon, Tropical. Products Institute, London. 

[Sect. CILIATIPETALA ] 

C. psidioidesWelw., syns. C. holosericeum sensu Laws., 

C, grandifoli F. Hoffm. (There are 3 subspecies.) 

- Medium size, dark nodules collected in September 1965 by Mr. J.H. 

Dick at Isenegaza Public Lands, Tabora, Tanzania. 

[Sect. CILIATIPETALA ] 

C. nigricansLepr. ex Guill, et Perr. var. elliotii (Engl. and 

Diels) Aubrv. 

- Large, very dark nodules collected in 1955  by Mr. Osezi, Botanist 

at Western Region Department of Forestry, Ibadan, and placed at our 

disposal by (the late) Professor R.J. McIlrOyo 

[Sect. CILIATIPETALA 3 
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C. fragraneF. Hoffrn., syns. C. kilossanurn Engl. and Diels, 

C. gliasalense Engl. and Diels, C. ternifoliuni Engl. and 

Diels, C. tetraphyllum Diels. 

- Small, dark nodules collected in September 1965  by Mr. J.H. Dick 

at Isenegaza Public Lands, Tabora, Tanzania. [Sect. GLABRIPETALA j 

C. fragrans F. ifoffin. (as for 10) 

-. Dark, large nodules collected in May 1970  by Mr. A.G. Sief-el-Din, 

Sudanese Gum Research Officer, at Rashad, Republic of the Sudan. 

[Sect. GLABRIPETALA ] 

C. hartmanriianum Schweinf. 

- Large, pale nodules collected in December 1970 by Mr. A.G. Self-el-

Din at TJmin Abdafla, Republic of the Sudan. 	[Sect. GLABRIPETALA J 

C._itinos Perr. ex DC., syn. C. leonense Engl. and Diels. 

- Collection details as for sample 9 9  C . niEg!icans. 

[Sect. GLABRIPETALA 3 

C. obovatuin F. Hoffm., syn. C. lasiocarpum 8$flSU Exell and 

Garcia. 

- Large, pale nodules collected in September 1965  by Mr. J.H. Dick 

at Isenegaza Public Lands, Tabora, Tanzania. [Sect. LASIOPETALAJ 

C. obovatuni F. Hoffm,, (as for 14), 

- Large pale nodules collected in August 1967 by Mr. G.E. Rweyemamu, 

Regional Forest Officer, at Tabora, Tanzania. [Sect. LASIOPETALA 3 
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Table V.A.2 shows a tabular representation of the botanical 

relationship between the sections and species examined in this study. 

TABLE V.A2. 

ORDER - MYRTAL! 
FAMILY - Combretaceae; Sub-family - Combretoideae 

Tribe - Combreteae 
Sub-tribe - Combretinae 
Genus: Corabretum Loefl. 

us 

COMBRETUM 	 CACOUCIA 

(Aubi.) ExeU and Stace 

Section: ANGUSTIMARGINATA 
Engl. and Diela: 
C. erythrophyllwn 

Section: CILIATIPETALA Engl. and 
Diels:C. molle, C. apiculatum, 
C. psidioides, C. nigricaria 

Section: GLABRIPETALA Engl. and 
Diela emend Exell and Stace: 
C. fragrans, C. liar tmannianum, 
C. glutinoawn 

Section: METALLICUM Exefl and Stace 
(syn. GLABRIPETALA Engl. and 
Diels, pro parte):C. coflinum, 
C. collinwn subsp. hypopilinuni 

Section: SPATHULIPETP1LA Engl. and 
Diels C. r.2yheri 

Section: LASIOPETALA Engl. and 
DielsC. obovatum 

V.A.3. ORIGIN OF THE TERMINALIA SAMPLES USED IN THIS STUDY 

The two Terminalia samples studied were from (a) T. sericea 

Burch., collected in October 1970 by Mr. T. Gordon, Aud].ey End Farm, 
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Darvendele, Salisbury, Rhoa.sia, and (b) P. superba Engl. and Diels, 

collected in April-1970 by W. Kriek per Mr. J.J. Lawns, Marak 

Forest Reserve, Cameroun. 

V.A.k. PURIFICATION OF SAMPLES 

With the exception of P. superba, all the samples were supplied 

in nodular form. After being crushed to pass a small mesh sieve, 

small amounts (39)  were dissolved in water (300 ml) for 2 days, 

alter which time all samples had almost completely dissolved, except 

for C. collinum, C. fragrans (sample B) and C. nignicans, which 

required the addition of a small amount of sodium borohydnide to 
23 

facilitate dissolution.. The solutions (pH k.), were filtered 

through muslin to remove bark and ther insoluble., debris, then 

through Whattnan No, ki filter paper and finally through No. .1 

filter paper, after which the solutions were dialysed against 

running tap water for 2 days, (k days in the case of borobydnide - 

treated samples). The polysa ,charides were obtained as the freeze-

dried products. 

T.sperba gum, which had been collected in the form of a soft, 

plastic mass, and sent in a polythene package, was dissolved in 

distilled water, filtered, and freeze-dried. 

V.A.5. RESULTS 

Hydrolysis with sulphuric acid (2N) for 7,5 hours showed that 

all the Combretum and Terminalia samples contained galacturonic acid, 

glucuronic acid and glucurono - 6 9 3 - lactone. Some samples showed 
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the presence of large amounts of k - 0 - metbylgiucuronic acid. 

Typical gal  values for uronic acids are shown in Table V.A,3. 

The determination of the ratio of galacturonic acid: glucuronic acid 

was similar to the method used for neutral sugars. Chromatography 

of the 2N hydró].ysate was carried out in solvent (g), side-strips 

cut, each component eluted and their ratio determined. Combination 

of the amounts of glucuronic acid and glucurono 693 - lactone gave 

the total glucuronic acid coitent. 

TABLE V.A 23. 

URONIC ACIDS OBTAINED ON 2N - HYDROLYSIS OF 
COMBRETUM AND TERMINALIA SAMPLES  

Uronic acid 

galacturonic acid 

glucuronic acid 

4-0-methylgiucuronic acid 

R 	value 	colour of spot gal 

	

0950 '-,, 	reddi8h/brownP'. 

O.67(7'brown 

1.28 ?.rz pink 

glucuron6.-60-lac tone 
	 1,50 . 	yellow brown 

Hydrolysis with IN -  H2SO4  for 7.5 hours followed by chromato-

graphy in solvents. (a), (b) and (c) showed that all the samples 

contained galactose, arabinose and rhamnose; in addition 9  some were 

also found to contain significant amounts of. mannose and zylose. 

Sugar ratios were determined for all the samples in the same way 

as for Anacardium occidentale (see Section IV.A), by running two 
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Whatinan 3MM chromatography . papers for each sample, one in solvent (b) 

and one in solvent (c). Chromatography in solvent (b) determined the 

ratio of galactose: (mannose + arabinose): xylose: rhamnose, and 

chromatography in solvent (c) determined the ratio of inannose: 

(arabinost + xylose): rhamnose. By a combination of both results, 

the complete sugar ratios were determined as shown in Table V.A,k. 

As well as there being differences in sugar content of the 

samples, chromatography in solvent (c) of the IN - hydrolysate 

showed basic differences in biuronic acid content of certain of the 

samples. The majority of the samples showed biuronic acid spots 

at Rgal 0.28 and 0.88 which corràspoid to 6 - 0 - ( - - gluco-

pyranosyluronic acid) - D - galactose and 2 - - (EL- 	galacto- 

pyranosyluronic acid) - L - rhe.mnose as fcund previously in 

C. leonense by Aspinall and Bhavaanhke and verified in this study 

(see SectIon V.B). Other samples which contained both the above 

biuronic acids also showed a spot at R 	 048. These samples were
gal 

also found to have a high methoxyl. content and this spot is 

attributed to the presence of the biuronic acid, 6 - 0 (k - 0 - 

methyl - - D - glucopyranosyluronic acid) - D - galactose . (see 

Section V.B). 

However, certain Combretum samples and both the Terminalia 

samples showed, as well as the spot at Rgal 0,28, a large spot at 

Rgal 0.51 but nothing at Rgal 088, indicating the absence of 

galacturonic acid - rhaninose biuronic acid. It was also noted 

that these samples differed from the other Combre turn samples in that 

they contained considerable amounts of mannose and xylose. On the 
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TABLE V.A,#. 

SUGAR RATIOS FOR COMBRETUM AND TERI4INALIA SAMPL 

Section Sample Eal. era.. rha. Mann. 

Angustimarginata C. eryrophyllum 10 26.1 7.4 - trace 

Ciliatipetala C. apiculatum 10 8.6 509 2.2 2.4 
C. mol].e (sample A) 10 9.6 3.8 trace 
C. molle (sample B) 10 9.4 3. - trace 
C. nlgricans 10 	. 18.3 4.6 - trace 
C. psidioides 10 5.9 3.7 i.k trace 

Glabripetala C. fragrans (sample A) 10 i2.4 5,0 11.7 trace 
C. .fragrans (sample B) 10 15 ,  5.5 - trace 
C. glutinosum .10 10,6 3.2 - al. trace 
C. hartmannianum 10 32.k 3.2 3.2 4.4  

Metallicum C. collinum 10 35°4 5,7 3.5 2,2 
C. coliium 10 6.7 3.7 1.3 1.1 
(subapo 	lin) 

Spathulipetala C. zeyheri 10 18.6 6-5 trce 

Lasiopetala C. obovat 	(sample  10 16.9 7.5 3.0 kO 
C. obovatu 	(sample  10 9.6 4.1 1.4 10 

(Terminalia) 	T,sericea 	. 	10 33.7 4.5 	3.6 	4.1 
T. superba 	 10 38.5 k.O 	1+,5 	3.3 
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whole, these samples did not have a high methoxyl content and hence 

did not contain very much k - - methylglucuronic acid, so the 

significant spot at Rgal 051 would have to be due to something 

other than 6 0 - (k - 0 - methyl - 1) - g].ucuronosyluronic acid) - 

D - galactose. Also, in these samples, galacturor.ric acid had to 

be accounted for as it was not present in a biuronic acid linked to 

rhainnose. On the basis of experimental work (see Sedtion V.13) the 

biuronic acid Rgal  0.51 
is thought to consist of galacturonic acid and 

mannose. 

Table V.A,5. shows the biuronic acid spots present in all the 

samples. The percentage of sugars present in each sample was 

calculated, taking the biuronic acids present into account. 

Tables V.A,6 - 9.shów the complete analytical data for all the 

Combreturn samples studied; Table V.A,10.shows the analytical data 

for the two Terminalia samples. 

Several of the crude gums had a vinegar-type!' odour; an acetyl 

content was carried out on each sample, some of the samples showing 

the presence of quite substantial amounts of acetyl (k 7%) 

present. 

The relationship between viscosity, [IJ and molecular weight, 711w, 

.or the series of Combretum species studied was examined:- 

[rlJJ = KM , where K and L are constants 

.. log ErJ = log K + oL.log M 

ie:- 	y = conat + mx 

Table V.A 9 11.showe the value of y and x for each of the species 

studied. 
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TABLE V.A 9 56 

BIURONIC ACID SPOTS OBTAINED BY CHROMATOGRAPHY IN 
SOLVENT 18-3.1 .4  AFTER HYDROLYSIS OF 

COMBRrU14 AND TERMINALIA SA4PLES WITH IN_H2SO4 

Section 	 Sample 1gai 	Rgai gal 	
R
gal 

0.28 	O.47 0.51: 	0085. 

Angustimarginata 	C. erythrophyllum + 	- - 	+ 

Ciliatipetala 	C. apictaatum + 	+ - 	+ 
C. inofle (sample A). + 	.- - 	+ 
C. molle (sample B) + 	- - 

- 	
C. nigrican 	- - + 	- - 	- 	+ 
C. psidioides + 	- - 	+ 

Glabripeala 	C. fragrans (sample A) + 	+ - 	+ 
C. fragrans (sample B) + 	+ - 	+ 

C. glutinosum + 	- + 

C. hartmannianuifl + 	- + 

Metaflicuni 	C. coflinum 
C. collinum 
(subsp. 

Spathulipetala 	Co zeyhei 

Lasiopetala 	C. obovatum 
C. obovatuin 

+ 	- 	+ 

pilinuin) 

(sample A) 	+ 	 + 	- 
(sample B) 	+ 	- 	+ 	- 

(Termjnalja) 	T. sericea 	 + 	- 	+ 	- 
T.superba 	 + 	- 	+ 	- 
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TABLE V.A 26. 

ANALYTICAL DATA FOR GUM POLYSACCHARIDES FROM 
COMBRETUM SPECIES, SUBGENUS COMBRETUM, SECTIONS 

METALLICW4'9 ANGUSTIMARGINATA** AND SPATHULIPETALA** 

E i 
0. rl 

0 I93 

- (i) (2) (3) (k) 

DATA ON CRUDE GUM 

Moisture, 	: 9.8 15.7 1200 
3.6 

12.5 
6.2 Ash, % 4.1 13.5 

Nitrogen, % 
% (N 	

6•25)a 
.11 
0.7 

.09 
0.6 

.12 
0.8 

.51 
3.2 Hence, prgtein, 	x 

0.3 0.5 1.7 3.0 
Acetyl, 	: 

DATA ON PURIFIED GUM 

Recovery from crude gum 73 
8.9 

87 
13.8 

78 
10,6- 

81 
12,3 

Moisture, % 
Ash, % 303 11.7 57 8.2 

Nitrogen, 0.13 0.10 0011 0.16 

Hence, protin, % (N -x 
6•25)a 0.8 0.6 0.7 100 

0.38 
Methoxyl, % 	 -. o.k5 1. 116. 0.33 

[cL]D 

 

in distilled water, (degrees)b -81 +53 -54 +7 

Intrinsic viscosity, [j,rnl/ga 312 60 1w 163 
56 

Molecular Weight,. 	J 
x 10)a 116 

1405 
7.3 
398 

13 
7k5 472 Equivalent weight, 	b 

Hence, uronic anhydride 
9C 12.5 kk.3 23.6 37.3 

gar cpp 	tionb after hydrol 818 

kö_mothylglucuroniC acid  2.7 8.8 2,0 2.3 

glucuronic acid 6.7 23.9 13.9 25.0 

galacturoflic acid 3.1 11.6 7.7 10.0 
34 

galactose 22 
47 

6 
5 

27 
33 15 arabinose 

8 13 16 1k 
rhanmose 

9 1 - - nannose 	 - 
3 1. trace trace 

xylose 
-,I 	 - T__-,A_:_ i_ -__ 

----- .----:----- - 
- 
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TABLE V.A,7. 

ANALYTICAL DATA FOR GUM POLYSACCHARIDES FROM 
COMBRETUM SPECIES SUBGENUS COMBRETUM 

SECTION CILIATIPETALA 

DATA ON CRUDE GUM 

Moisture s  % 
Ash, % 
Nitrogen, 
Hence, prgtein % ( x 6.25) 
Acetyl, % 

DATA ON PURIFIED GUM 

Recovery from crude gum, % 
Moisture, % 
Ash,% 	a 
Nitrogen, % 	 a 
Hence, protin, % (N x 6.25) 
Methoxyl, % 

in distilled water, (degreee)b 

Intrinsic viscosity, [J,ml/ga 
Molecular weight ,(MW x 10 ) 
Equivalent weight 	bc 
Hence, uronic anhydride ' 

C, 
H H 

10 (0 

0I 
I-lI 

8 
I-i 0 

° 
H, o ri 1  o •rI .1 

aS 

.. 0I •I 0. 0 0 ci 0 

() (6) (7) (8) (9) 

11.8 11.6 12.1+ 13.1+ 10.6 
5.0 4.3 6.3 4.1+ 3,0 
.19 .20 .21+ .31+ .35 
1.2 1.2 1.5 2.1 2.2 
5.6 5.9 3.0 7.0 2.5 

87 79 58 78 80 
11,3 8.4 11.9 11.1 9.1 
4,0 3.9 7.0 508 5.1 

0.08 0.08 0.25 0011 0,10 

005 0.5 1.6 0.7 006 
0.28 0,40 o,68 0.22 0.2+ 

+2 +3 +21+ +47 43 

74 70 188 '146 35 
3.3 6.3 30 14 4.8 
983 965 674 766 1244 
17.9 18.3 26.1 -22.3 14.0 

Sur composition  b 	siB 

4.O-methylglucuronic acid  1.7 2.4 4.1 1.3 1.1+ 
glucuronic acid 10.5 10.3 13.9 14.3 7.7 
galacturonic acid 5.7 .6.. 8.1 6.7 4.9 
galactose 40 40 34 42 30 

arabinose 27 27 15 16 1+1 

rhaninose 16 15 17 16. 15 
- 14 4 mannose 

xylose 	 - 

- 
trace trace . 	1+ trace trace 
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TABLE V.A,8. 

ANALYTICAL DATA FOR GUM POLYSACCHARIDES FROM 
COMBRETUM SPECIES SUBGENUS COMBRETUM 

SECTION GLABRIPETALA 

W CS 

(io) (ii (12) (13) 

DATA ON CRUDE GUM 

Moisture, % 13.5 13.1 11.9 13.0 
Ash, %a 7.0 7.7 3.8 3.5 
Nitrogen, %a .27 .27 .6'+ .25 
Hence, prgtein, % (N x 

6,25)a 1.7 1.7 k,o 1.6 
Acetyl, % 	 . 	. 4.4 2.5 O.k 4.2 

DATA ON PURIFIED GUM 

Recovery from crude gum, 79 65 83 	. n.d. 
Moisture, % 12.5 12.0 8.3 11.9 
Ash, %a 7.7 83 3.7 3.3 
Nitrogen, 0.17 0.18 0.61 0.07 
Hence, protein, % (N x 

6,25)a 101 1,1 .3.8 o.k 
Methoxyl, % 0,85 1.07 0.25 0.58 

in distilled water,. (degrees)b +35 +ki -35 -9 

Intrinsic viscosity, ETL15ml/ga 162 170 63 
6.4 

75 
Molecular. weight(MW x 10  17 49 5.3 
Equivalent weight 505 487 1173 1073 
Hence, uronic anhydride 	. 35.0 , 36.2 15,0 16.4 

Sugar compositionb  after hydrolysis 	. 

k-O-metbylglucuronic acid  5.1 6,4 1.5 3.5 
glucuronic acid 	 . 19.7 19,8 7.4 80 
galacturonic acid 	 . 	 . 10.2 10.0 6.1 
galactose 34 34, 22 40 
arabinose 	 . 	 . 14 16 . 	 43 31 
rharnnose . 	 . 	 . 15 ik k 13 
mannose 	 . 	. 2 - 10 

6 
- 

xylose 	 . trace . 	 trace . si. trace 



101 • . 

TABLE V.A9. 

ANALYTICAL DATA FOR GUM POLYSACCHARIDES FROM 
COMBRETUM SPIES, SUBGENUS CACOUCIA 

SECTION LASIOPETALA 

OPf 

OI 
ow 
0'- 

.1w 

(i) (15) 

DATA ON CRUDE GUM 

Moisture, %. 11.5 12.2 
5.11 503 

Nitrogen, %a 0.26 0.18 
Hence, prtein, % (N X .6 025)a . 	

. 	 1.7 . 	 -1.6 
Acetyl, % 	 0 4.4 .1.7 

DATA ON PURIFIED GUM 

Recovery from crude gum 	 . 	. . 	 . 	 84 79 
Moisture, % 	 . 	 . 

10.5 9.9 
Ash, %a 	 . 	. 	 . 	 . 

0 	5'9 5.1 
Nitrogen, % 	 . 	 . 	

. 0.23 0.10 
Hence, protin, %_(N x 625)a 1.4 0,6 
Methoxyl, % 	. 	

0 	
. 0.37 0.21 

EOt.JD in distilled water, (degrees)b - 
.-18 

Intrinsic viscosity,Jm/g 	. . 	 200 139 
Molecular Weight 9 (MW x 10') . 	 I4I 35 
Equivalent weight 	b

. 761 816 
Hence, uronic anhydride 1C 	 . 23.1 21.6 

Sugar compositionb,after  Iyçirolysis . 

k.2_methylglucuronic . acidd 	 . 2.2 10 
gluctironic acid 1.8 	. 12,8 
gálacturonic acid 	. 	 . 7.1 . 	 7.5 
galactose 	. 	 . 28 	. . 	 35 
arabinose 23 21 
rhamnose 	. 	 . 10 9 
maimose 11 . 	 10 

.xylose 	. 	 . 	
0  5.. 3 
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TABLE V.A,10. 

ANALYTICAL DATA FOR PURIFIED GUM POLYSACCHARIDES 
FROM TWO TERMINALIA SPIES 

T. sericea 	P. superba 

Moisture, % 
Ash, %a 
Nitrogen, %a 
Hence, prgtein, (N x 

6•25)a 

Acetyl, 	b Methoxyl, %. 

EcLJD in distilled water, (degrees)b 

Intrinsic Vi8c08ity ['1,J9m/9 
Molecular weight, 	x io') 
Equivalent weight 	b 
Hence, uronic anhydride ' 

Sugar comipositionb after hydrolysis  

+-0-methy1glucuronac acid d 
glucuronic acid 
galacturonic acid 
galactose 
arabinose 
rhamnose 
mannose 
xylose 

9.2 12.2 
2.4 0.6 

0.46 0.18 
2.9 1.1 
0.6 0.3 
1.20 0.39 

-13 +44 

145. 157 
21 40 

1615 1659 
10.9 io.6 

7.2 2.3 
1.6 5.2 
2.1 3.1 
22 20 
48 51 

6 .5 
7 9 
6 4 

KEY TO TABLES 

0 	Borobydride added to facilitate dissolution 

a 	Corrected for moisture content 

b 	Corrected for moisture and protein contents 

c 	If all acidity arises from uronic acids 

d 	If all methoxyl groups located in this acid 

The molecular weights shown were calculated using a dn/dc value 

of 0.146 as found for a series of Acacia gums. A value of dn/dc of 

. 	 . 

0,142 has been previously reported 
24  for 91dioii, so the above 

assumption would seem to hold fairly well considering the report that 

within one genus, the values of.dn/dc of 23 species were almost identical 25e 
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TABLE V.A11. 

Sample Ref, no. log (J log !1W  

C. collinum 1 2.1+91+ 7.064 

C. collinum subsp. hypopilinum 2 1.778 5.863 

C. erytbrophyllum 3 2.01+2 6.114 

C. zeyheri 1+ 2.212 6.71+7 

C. molle (sample A) 5 10869 5.721+ 

C • mole (sample B) 6 1.81+5 5.799 

C. apiculatum 7 2.271+ 6.1+77 

C. psdioides 8 2.164 6.11+6 

C. nigrians 9 1 , 51+4 5.681 

• 	C. fragans (sample A) 10 2.209 6 ,230 

C. fragrans (sample B) 11 2.230 6.690 

C. hartmannianum 12 1.799 5.806 

C. glinosum 13 1.875 5,721+ 

C. obovatum (sample  11+ 2.301 7.11+9 

C. obovatum (sample  15 2.143 6.51+1+ 

Figure V.A 9 1.shows a plot of log ErJJ against log ii. The graph 

shows a reasonably linear relationship considering the experimental 

• errors in all the parameters. Taking the best straight line as 

shown, the values of K and 0L. were found to be 0.10 and 0.1+9 

respectively. 

Figure V.A 9 2.ehows a plot of ash content against uronic acid 

content. Within the experimental error boundaries of the two 
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parameters, there would appear to be a very good linear relationship 

between uronic acid and ash content. This is as expected, since 

most of the -COOH groups in the gum molecule would exist in the 

ionised form, the negative ions would form ionic bonds with positive 

ions such as Na,. K, Mg and Ca, a fact confirmed by the pH of the gum 

solutions of 4.6, which is not particularly low.. The ash content, 

after all the carbohydrate material has been burned off mainly as 

CO  and H20, consists of the oxides and carbonates of the above and 

some other metallic elements, such as Mn, Co etc. 

v.A.6. DISCUSSION 

On the whole, the analytical data found for C. glutinoswn, 

C. collinum subsp. hypopilinum, C. molle, C. psidioides and 

C. zugricans agree with the values found previously by Speed 24 , 

(C. glutinosum called C. leonense and C. collinum subsp. 

yppilinum called C. verticillatum) and confirm the values 

published for Co leonenae by Anderson, Hirst and King 13. However, 

Mcllroy12  reported that C. verticiflatum contained galactose, 

arabinose and glucuronic acid as the only uronic acid present. 

This is disputed by the present findings although the 	value 

of +53 found for this gum by Ncllroy agrees exactly with the value 

obtained for C. collinuin subsp. hmpilinum. 

The analytical data show some very interesting features. The 

majority of the gums in the purified form are virtually free of 

protein (i%). The methoxyl contents, although showing a wide 

variation s  are within the normal range. The specific rotations 
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also show a wide range (-81 
0 
 to +530)t with C. collinum having the 

highest-recorded, negative rotation (_810). 

The outstanding features of the Combretum genus shown by this 

study are the high ash and hence uronic acid contents and the 

unusually high viscosities and molecular weights. Tha ash content 

(11.7) and uronic acid content ( 144.) of C. coflinum subsp. 

hypopilinum are exceptionally high and nothing comparable has been 

reported. Also, the viscosity of C. collinwn (312 ml/g)and Mw of 

C. obovatuin (sample A) (i.k x io) by far surpass the previous 

highest recorded values. As a comparison, the highest recorded Al 

for gums of the Acadia genus are 2.3 x 106  for A. arabica, 2.3 x 106 

A. ni].otica and 2.4 x 106  for A. adamsonii24 o  The high viscosity 

and molecular weight would suggest a complicated, possibly rod-

shaped, molecular structure for the gums. 

The sugar ratios (see Table V.A.k) show quite a wide variation 

in galactose: arabinose: rhamnose content as well as tiifferencea in 

the sugars present, where some samples contain marinose and xylose 

and others do not. An interesting point to emerge from examining 

the sugar ratios and optical rotations is that samples with a high 

arabinose content have a high negative [otJD  value and those with a 

low arabinose content have a.high +ve value, exemplified by 

C. collinum, galactose: arabinose 10: 35,4 9  [CU 1)  -81 and C. psidioides 

10: 5.9, [ctJD +47. (This would seem to disprove the high arabinose 

sugar ratio found in C. verticillatum by Mcllroy, since [QtJ J)  was 

found to be +530)0 However, although a fall in arabinose content 

seemed to be coupled with [061 becoming less negative and then 
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positive, there was no visible linear relationship. The Terminalia 

samples did not fit into this pattern since, although they both had 

a high arabinose content, they did not have high negative optical 

rotations, in fact T. superba had a high +ve value (+440)• This would 

seem to indicate structural differences between the Combretuin and 

Terminalia gums, which would be as expected botanically. 

Hydrolysis with IN_H2SO4  also indicated structural differences 

within the Combretum genus as regards the aldobiuronic acids. 

Although all the samples, including the two Terminalia samples, 

contained 6 - - ( 	- glucopyranosyluronic acid). -  D - galactose, 

there was a difference in the galacturonic acid - containing 

biuronic acid. Most of the Combretum gums contained 2 .0 (CL- D-; 

galactopyranosyluronic acid) - - rhamnoso which had been found and 

1,26 characterised previously in C. leonense 	and is a common aldobiu- 

ronic acid in other genera such as Sterculia27-29 	and is 

found in the gum from Cochlospermum gossypium32. However, some of 

the samples, including the two C. obovatum samples from the 

Lasiopetala subsection of Combretum, as well as the two Terminalia 

gums, contained a biuronic acid of unknown structure but but expected, 

from experimental evidence (see Section V.B), to contain mannose and 

galacturonic acid. Such a biuronic acid has not been reported 

previously in any gum. However, the biuronic acid, 2 0- (p_ - 

glucopyranosyluronic acid) - D mannose has been found in Ano 

99 sampies25833, which were reported to contain glucuronic acid as 

their only uronic acid, a fact confirmed during this present 

investigation..  So there is a possibility that the biuronic acid 
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found in the Combretuni and Terminalia gums may be 2 - 0 - (- D 

galactopyranosy].uronic acid) -.D - mannose. The isolation and 

structural examination of this biuronic acid is the subject of a 

present investigation34 
 

However, the finding of such a biuronic acid in Terminalia 

samples but, not in Anogeissus gums would throw doubt on the botanical 

classification, where Anogeissus and Terminalia appear together, on 

chemical grounds • The two Terminalia samples were found conclusively 

to contain galacturónic acid, whereas Anogeissus samples were not. 

So it would seem that the gums from the. Terminalia genus resemble 

certain gums of Combretum rather than Anogeissus. 

An interesting feature found in the study of these Cornbretum 

gum exudates is the presence of two separate structural types, 

identified by their different biuronic acids. Also, the samples 

with the biuronic acid containing mannose and galacturonic acid 

contained significant amounts of nvm,ose and xylose as well as 

galactose, arabinose and rhamnose. This disputes, on chemical 

grounds, certain features of the classification shown in 

Table V..A,tf. Ca collinum and its subspecies hypo -Pilinum are 

different both analytiôally and as regards biuronic acid content 

and should belong to different sections. Also, C. hartmannianum 

does not fit in with the other members of the Glabripetala but, 

together C. collinum, resembles C. obovatum. C. nigricans seems 

to resemble C. erytophyllum from the Angustimarginata more than 

the 'other members of the Ciliatipetala, whereas C. collinum subap. 

yppilinum would fit in very well to the Ciliatipetala. C. zeyher* 

from the Spathulipetala resembles the gums of the Glabripetala with 

the exception of C. hartmannianuin, 



- 	On the basis of this experimental work, the Combre turn samples 

could be divided into two groups, with one group subdivided into two:-

Table V.Al2. 

TABLE V.A,12. 

CLASSIFICATION OF COMBRETUM SAMPLES STUDIED ON 
THE BASIS OF CHEMICAL ANALYSIS 

Coxnbretum 

- 	 C. collinum 

ouP 	
C, hartmannjanum 

lB 	 C. obovatum - 

(high negative rotation 
% gal (%are) 

C. erythrphy].1um 
C. nigrica.ns 

C. apiculatum 
C. collinum subap. 	ppilinum 
C. fragrans 
C .  glutinosum 
C. mofle 
C. psidioides 
C. zeyheri 

And so, on the basis of chemical evidence, three main points 

esJerge from this study:- (a) Anqgssus and Terminalia have different 

structural features but are classed together. botanically; (b). the 

Combretum genus would seem to be divisible into two sub-divisions 

on the basis of structural features (see Section V.B); (c) one of the 

Cornbretum divisions can be further subdivided into two on the basis 

of sugarcontent and rotation, 	 - 

(high positive or low 
negative rotation 
% gall >%ara) 
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In the light of this evidence, the Family Combretaceae is a. 

very complex family and not as straightforward as other families 

studied to date. . . 
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SECTION V.B 

A PRELININARY STUDY OF THE STRUCTURAL FEATURES OF 
THE PLANT GUMS FROM COMBRETUM ERYTHROPHYLLUM 

AND COMBRETUWHARTNNIANtJM 

V.B.1. 	INTRODUCTION. 

Unlike the Acacia genus, where extensive work has been carried out 

in the field of chemical taxonomy, relatively little is known about 

the chemistry of gums from the Combretum menus. The only structural 

investigations so. far have been carried out by Aspinall and 
1 11,15 Bhavanandari 	on the gum from C. leonense (referred to here by its 

botanically preferred synonym ç gutinosum); they carried out 

hydrolysis studies on the gum and characterised the fragments 

obtained. The neutral fragments were found to be 3 - 0 	L 

arabinopyranosyl L arabinose, 3 - 0 - - D galactopyraziosyl - 

L - arabinose and 6 - 0 - - D - galactopyranosyl - D - galactose. 

The aldobiuronic acids isolated were found to be 6 - 0 - ( r  - D - 

glucopyranosyluronic acid) - 1) - galactose and 2 - 0 - ( L - D - 

galactopyranosyluronic acid) - L - rhamnoso. 

On the basis of the findings of Section V.A 1  which proposes the 

existence of two distinct structural types within the genus 

Ckmbretum, it was decided to examine the structural features of both 

types to see if the differences proposed were slight or significant. 

Section V.B therefore examines structural features of (a) the gum 

from C. erythrophyllum, on the basis of a Smith degradation and 

hydrolysis studies, to determine its similarity or otherwise to 

C. leonone, and (b) the gum from C._hsrtmannianum, which on the 
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basis of sugar content and aldobiuronic acids differs markedly from 

both C. eiyhroyl and C. leoiienae. Both C. erniophyllwn gum 

and C. hartmn1anum gum have very complex structures and it was 

decided that the limited timo and material available should be used 

to establish some of the broad features of the gums and their degree 

of complexity, rather than minor details. With the present 

preliminary study as a guide, it is hoped that some future investi-

gator will be able to start work on .a scale necessary to allow full 

chemical characterisations of all isolated componenta to be under-

taken. 

SECTION V.B PART A 

STRUCTURAL FEATURES OF THE GM FROM 
C. ERjTHR0PHThLTJM (BURGH.) oNt. 

V.B .2 	PURIFICATION OF C. EYTHROPHYLLUM GUlL! 

Crude gum (102.7 g) was stirred in distilled water (1.5 1). 

After 2 days, solubilisation was incomploto. The gum solution was 

decanted off and more water (2 1) was added to the uridissolved gum; 

after a further 2 days, all the gum had dissolved. The decanted 

solutions were filtered through t'ihatman No. ki and then through No. I 

filter papers and dialysed against running tap water. The total gum 

solution (volume --'9 1) was concentrated to k 1, filtered, and the. 

pure gum obtained as the freeze-dried product (70 , 3 g, yield 

Values for the moisture content (8%), intrinsic viscosity (102 ml/) 

and specific rotation (.570 ) were similar to the value obtained 

previously (see Section V.A)0 
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V.B.3. 	RESULTS 

The polysaccharide migrated as a single band on electrophoresis 

ou cellulose acetate film in O.IM - ammonium carbonate buffer 

(pH 8.9) and O.IM acetate buffer, and on thin-layer electrophoresis 

of dyed and undyed polyeaccharide on Phoroslides in 0.05)1 - ammonium 

carbonate buffer and 0.05)1  borate buffer (pH 9.2). Ion exchange 

chromatography on a DEAE - cellulose column using a sodium chloride 

gradient. (0.0 0.5)1  in 0.02)1 acetate buffer) produced one single 
al 

eymmetric peak, as did ultracentrifugation in 0.5)1 sodium chloride. 

Molecular-sieve chromatography on Bio-gel A-5 and A15 columns in 

each case showed a sharp peak at the void volume, irdicating that 

the high molethLar weight polysaccharide was excluded from the gel. 

M-SC on a Bio-gel AlSO column, however, gave a single symmetric peak 

at greater than the void volume. All these experiments indicate that 

the gum from 21_2r Zthroph  llum shows no distinct heterogeneity. 

II)1TIFICATION OF NEUTRAL SUGARS 

yllum gum (1 g) was hydrolysed with IN - sulphuric 

acid, for 705 hours on a boiling water bath. The cooled solution was 

neutralised, filtered, deionised and concentrated to a syrup, which 

was applied to a column (ki x 2.6 cm) of Duolite Ak resin in the 

formate form. Elution with distilled water (OO ml) yielded the 

neutral sugars present in the bydrolysate. After concentration of 

the neutral fraction to a syrup, chromatography in solvents (a), (b) 

and (c) showed the presence of galactose, arabinose and rhaxiuiose; 

arabinose was the major constituent. A slight trace of xyloae was 

also present0 
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IDENTIFICATION OF THE ALJ)OBIURONIC ACIDS 

Elution of the Duolite A..4 column with 5% formic acid (500 ml) 

yielded the acidic fraction of the hydrolysate. This acidic solution 

was concentrated to a syrup and chromatography was carried out in 

solvents (c), (d) and (g). Trace amounts of galactose and arabinose, 

two major spots (R gal 0.28 and 0.88) and a trace spot at R_ 
gal 

o.47 

(all in solvent (c)) were detected. Solvent (g) also showed the 

presence of small amounts of galacturonic acid and glucuronic acid; 	- 

these may have arisen from cleavage of a few uronosyl linkages. 

Chromatography was carried out on Whatman 3MM papers in 

solvent (c); side strips were. cut and the two major acidic fractions 

eluted as in sugar ratio determinations. After elution, each 

fraction was concentrated to a syrup, and the - purity of each was 

checked by chromatography in solvent W. Then in each case the 

syrup was transferred to a dry tared 50 ml round-bottom flask; the 

syrup was taken to dryness. After drying in a vacuum desiccator, the 

flask was reweighed to find the weight of aldobiuronic acid present. 

I)jotiUod water (2 ml) was added to dissolve the acid and its 

specific rotation was determined. Each ca.mple was again taken to 

dryness, 2I sulphuric acid (5 ml) added, and hydrolysis carried 

ent for 8 hours to cleave the uronosyl linkages. 

Fraction (a) had 
Rgal 

 0.28, solvent (c), and Rgal 0.56, solvent 

(d); it was indistinguishable chromatographically from 6 - 0 (p - 
D gluccpyranosyluronjc acid) - D - galactose. After elution, 
EM 	 EM 

the 	value was found to be +200 . However, chromatography showed 

a trace of galactose impurity. This is consistent with tho results 
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found for Axiacardium Occidentale gum (see Section IV.B). Hydrolysis, 

followed by chromatography in solvents (c) and (g) showed the pres. 

once of galactose and glucuronic acid.. These results indicate that 

fraction (a) is 6 -O ( - D - glucopyranosyluronic acid) - D - 

galactose; this is Cfli6teflt with the findings of Bhavaaudan26  for 

C. leonenso gum. 

Fraction (b), which gave a yellow/brown spot with aniline oxalate, 

had R 	0.88, solvent (c), Rgal 0.89, solvent (d), 	3.46 9  

solvent (g) and Rgal  A 0.80., solvent (g). After elution from 

chromatograms run in solvent (c), re-chromatography in solvents (c) 

and (g) showed that fraction (b) contained some galacto&e impurii 

as expected since galactose runs close to this .aldobiuronc acid in 

solvent (c). Also present were slight traces of galacturoiic and 

glucuronic acids. Using the saute procedure as for fraction (a), 

the specific rotation was +63 ° . Hydrolysis followed by chromato-

graphy in solvents (c) and (g) showed the presence of rhamnose and 

galacturonic acid, with traces of glucuronic acid and galactose 

impurity. These results also agree with those found for C. leonense 

by Bhavandan25  w 	, who characterised this a].dobinronic acid as 2 - 0 - 

(cL. D - galacturonosyluronic acid) - L - rhamnose. 
UX 

Fraction (c), which appoared as a faint pink spot having Rgal 

0.47 in solvent (c) was not present in sufficient amount to allow 

its examination. However, investigation of the acidic fraction of 

C. harthannianum gum (see later), together with the fact that 

C. erythrophyllus gum was shown to have a inethoxyl content, point 

to this spot being due to a galactose/4 - 0 - methylgiucuronic acid, 
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possibly 6 -. 0 - (1+ - 0- methyl - - D - glucopyranosyluronic acid) - 

D - galactose. 

PREPARATION OF DEGRADED GUN A 

C. erythropyllum gum (9.2 g) was dissolved in O.OIN - sulphuric 

acid (500 ml) and hydrolysed for 96 hours on a boiling water bath. 

At intervals, portions (6 ml) were withdrawn and intrinsic viscosities 

determined (see Figure V.B,1). After 35 hours a brown precipitate 

formed, possibly due to denatured protein. After 96 hours the 

intrinsic viscosity had. dropped from 102 mug to less than I m]./g 

and the brown solution was concentrated, dialysed against distilled 

water (2 1) for 21+ hours then against rtnning tap water for a further 

148 hours, and freeze-dried to give Degraded Gum A (1.8 g; yield 19.2%). 

The 24-hour dialysate was yellow colcured; after concentration 

to a syrup, the solution was chromatographed in eolve:ta (a), (b) 

and (c'). A large amount of arabinose was observed, with smaller 

amounts 	galactose and rhamnose, and a trace of xylose. Major 

components were also observed at Rgal  0.87, solvent (a); 0.78, 

solvent (b); and 0.86, solvent (c), (pink spot, suspected from its 

R8ulvalus and colour to be an arabinobiose); and at Rgal 0.371 

solvent (a); 0.27, solvent (b); and 0.31+, solvent (c), large diffuse 

brown spot) Also present was a component at Rgal  0.26, solvent (a); 

0.16 9  solvent (b);and.0.12, solvent (c); which from the low mobility 

was probably a triose or higher oligosaccliaride. Chromatograms run 

in solvent (c) also showed amall amounts of a component, with 
gal 

1.15 (pink spot), corresponding to 3 - 0 - - L - arabinofuranosyl - 

L - arabinose. Thoo components were not present in sufficient 

concentration to allow their characterisation. The two major 
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components, however, were isolated from Whatman M papers run in 

solvent (c). 

Component A, the suspected arabinobiose, had GLI +112°. 

Methylation with methyl iodide, N,N - dimethylformamide and silver 

oxide, followed by methanolysie and g.l.c. showed the presence of 

293,5 - tn. - 0 methyl - L - arabinose (P 0.56, 0.71, column (1); 

- 0.54, 0.86 1  column (2)); 2,3 1 4 - tn 	0 methyl'- L - arabirioae 

(P 0.97, column (1); 1.01, column (2)); 2,3 - di - 0 .. methyl L 

arabinose (P 1.68, column (1); 1.54 column (2)); 2 95 di 0 

methyl L - arabinose (T 1.21, 2.54,  column (1); 1.92, 3.00, 

column (2)) and 2,4 - di - 0 - methyl L - arabinose (P 1.92, 
an 

column (1); 2.21 column (2)). These results indicate that 

Component A is not a simple arabinobiose. 

Component B had [oL +360. Eydrolysio with 2N - sulphuric 
Af 

acid and chromatography in solvent (c) showed a Lmall amount of 

arabinose in addition to galactose. Methylation of component B 

by the Kuhn method followed by g.l.c. using column (2) showed 

2,3,4,6 - tetra - 0 methyl D - galactose, P 1.76 to be the 

main 0 - methyl sugar present. Significant amounts of 2,3,6 tn - 

0 - .methyl - D - galactose, P 2.98, 4.14, 2,3,4 tn - 0 methyl - 

D - galactose, T.6-52 and 3,5 - di 0 - methyl L - arabinose, 

P 1.04, 2.32 were also present. This implies that component B is 

also complex, possibly being composed of two galactobioses and an 

arabinofuranosyl D - galactose. 

EXANINATION OF DEGRADED GUM A 

The brown colour of its solution made the oitica1 rotation of 
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Degraded Gum A difficult to determine. However, by using dilute 

solutions, the specific rotation was found to be +530 . The molecular 

weight, determined by light scattering, was 3.2 x 10k; a low value 

such as this was indicated by the extensive structural fragmentation 

shown in the examination of the dialysate. from the preparation of 

Degraded Gum A. The equivalent weight, found by titration of the 

free gum acid prepared by electrodialysia was 502, indicating a 

uronic acid content of 35.1%. 

Hydrolysis with IN sulphuric acid followed by chromatography 

in solvents (b) and (c) indicated that galactose' was the major 

component, with large amounts of rheimote and much smaller  amounts 

of arabinose. The ratio gal:ara:rha was 10: 307:5.4. Complete sugar 

ratios are chówn in Table V0B,6. Chromatography in solvent (c) also 

showed the presence of the three acidic fragments at 
Rgal 

 0.28., 

0.46 and 0.85 corresponding to 6 - 0 - ( - D - glucopyranosyluronic 

acid) - D - galactose (major. component), 6 - 0 - (4 - 0 methyl - 
cm 

- D - glucopyranosyluronic acid) ]) - galactose (minor component) 

and 2 0 - (o D - galactopyranceyluronic acid) - L - rhamnose 

respectively. The assignment of the spot at Rgal  0.46 is based on 

the fact that Degraded Gum A had a small methoxyl content. 

Partial acid , hydrolysis with 0.5N - sulphuric acid followed by 

chromatography in solvents (b) and (c) showed one major component 

(R gal.0.30,  solvent (b); 0.26, solvent (c), brown spot), which from 

its . Rgal value and the detection of large amounts of 1,6 - linked 

galactose residues on methylation (see below), is almost certainly 

6 0 	D - galactopyranosyl - D - galactose. A faint pink spot 
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was observed at Rgal % 0.50 in both solvents' indicating a galacto-

arabinobiose0 A faint brown spot 
Rgal 0.33 solvent (c) was also found. 

Degraded. gum A (177 mg) was methylated to give a product (74 mg), 

(Found: [.6]. +39.6° ; OMe 37.2%,  not increased by further methylation). 

A portion of the product was methanolysed and the mixture of methyl 

glycosides examined by g.l.c. The methanolysate was then hydrolysed 

and the resulting syrup examined .by paper chromatography in solvents 

(e) and M. The 0 - methyl sugars identified are shown in Table V.B,1. 

The major components identified were 2,3,4,6 - tetra - and 2,3,4 - tn - 

0 - methyl - D - galactose, with substantial amounts of 2,3,5 - tn - 

O - m&hyl L - arabinose, 2,3,6 - and 2,4,6 - tn - 0 - methyl 

galactose, 3 0 - methyl - L - rhamnose and end-group glucuronic and 

galacturoniv, acid. Chromatography of the hydrolysed methanolysate 

also showed the presence of a fairly substantial amount of 2 - 0 - 

methyl - 11 - galactose. 

EXAMINATION AND Mi1tixi.ATION OF C. ERYTHROPHYLLUM GUN 

Hydrolysis of the purified gum with IN - sulphuric acid confirmed 

the ratio of galactose:arabinose:rhnmpse (10:26.1:7.4) found in the 

analytical study. Partial acid hydrolysis with 0.5N - sulphuric acid 

followed by chromatography in solvent (b) indicated large amounts of 

galactose and arábinose, smaller-amounts of rhnmose, two major 

components at R 	 0.90 (pink spot), and R 	 0.26 (brown spot) andgal 
a minor component at R

gal 
 0.43 (brown spot). The major component 

at Rgal 0.90 is an arabinobiose of some sort and the component at 

gal 
0.26 would be 6 - 0 -I- D - galactopyranosy]. - D - galactose. 



TABLE V.B1. 

0 - Mram SUGARS IDENTIFIED IN METHYLATED DEGRADED GUN A 

Relative retention 
4* time (T) of methyl 	R after hydrolysis 	 Relative *  sugar g 	 0 - methyl glycosides*  amounts 

Column (1) 	Column (2) 	solvent (e) solvent(f) 

0.51 
0.69,1.01+ 

3.36 
0.58, 1%0.69) 

0.93 
1.86 
1.58 

(2.88), (3-87) 
(3-36),(3.87) 

6.35 
7.15 

11.0, 13. 3, ik.5 
2.2'+, (2.88) 

4.74  

2.53  

0.1+6 
0.73, (1.01) 

3.34 
0.36, (0.73) 

(1.01) 
1.1+3 
1.67 

(2.83)9 (4.24) 
3.78, ('4.21+) 

.6.1+2 
9.30 

12-50 4 .4,15.4 15.1+ 
2.32, (2.83) 

4 .73 
2.57 

0.98 1.01 20,4-tri-0-methyl-L-rhamnose 
0.85 0.68 3,4..di-0-methyl-L-'.rhamnose 
0.63 0.29 3-0-methyl-L-rhamnose 
0.98 1.01 2,3,5-tri-0-methyl-L-arabinose. 
0.85 01'.78 2,3,4-tri-0-methyl-L-arabino8e 
0.85 0.78 2, 3-di-0-znethyl-L-arabinose 
0.91 0.82 2, 3,k,6-tetra-0-methyl-D.ga].actose 
0.75 	. o.48 2,3, 6-tri.-0-methyi-D-galactose 
0.75 0.1+1+ 2,4,6-tri-0-methyl-D-galactose 
0.73 0.3 2, 3,k-tri.-O-methyl-D--galactose 
0.51+ 0.20 2,6-di-O-rnethyl-D-galactose 
0.51+ 0.11+ 2, 3-di-0-methyl-D-galactose 
- - 2, 3,k-tri.O-.methyl-D-glucuronic acid** 
- 

- 2,3, k-tri.-O-methyl.D-galacturonic acid* *  

unknown component 

I 
1.5 
3 
2 

0.5 
I 

	

10 	 10 

	

1+ 
	

1\ 

1+ 
10 

trace 
I 
3 

1.5 
I 

• 	figures in parenthesis indicate T values of components which are not completely resolved 

as methyl ester methyl glycoside 

this is only a very rough estimate due to incomplete resolution of the majority of the componentè 
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C. erythrophyflum gum (315  mg) was methylated to give a product 

(207 mg), (found: [O. )  58.9° , OMe 36.9%). The 0 - methyl sugars 

identified are shown in Table V.B 92. Hydrolysis of the methanolysate 

followed by chromatography in solvents (e) and (f) showed the presence 

of fairly substantial amounts of 2 - 0 - methyl - D. galactose in 

addition to the methyl glycosides identified. The major component 

identified was 2,35 tri 0 - methyl L - arabinose, with 2,3 - 

di - 0 methyl - L - rhamnoso and 2,3,14 1 6 - tetra - C) - ethyl - D - 

galactose also present in large amounts. - 

PREPARATION AND iXA1INATION OF POLYSACCHARIDE I 

Preliminary, email-scale experiments established that 0.125M - 

sodium metapeniodate solution and oxidation time of 148 hours were 

required for a Smith degradation of Combretum erythrophyllum gum. 

C. erZthr9phX1lum  gum (141.5 g) was dissolved in distilled 

water (1125 ml) and 0.25M - sodium metapeniodate solution (1125 ml) 

added. Oxidation was carried out in darkness at room temperature 

and the reaction was followed by measuring the release of formic 

acid with time (figure V.B 12). After 148 hours, 5.814 m moles 

periodate/g polysaccharide had been reduced and 1.8 m moles formic 

acid/g polysaccharide released. The reaction was stopped by the 

addition of ethylene glycol (22.1 ml), and the solution was dialysed 

against running tap water for 2 days. Sodium borohydnide (13.3 g) 

was added and the mixture kept at room temperature for 30 hours, 

then dialysed for 2 days. The solution was made IN with respect to 

sulphuric acid, and the polyalcohol was hydrolysed for 48 hours at 



0.47 
(0.68),1.02 

3.24 
0.55, (0.68) 

0.94 
1.15, (2.3k) 

1 .45 
1.85 
1.60 

2.60,3.79 
6.04 

(10-7),13.8,15.0 
(2.34), 2.96 
7.10,8.32 

4.63 
(10.7) 

0.46 
(0-73), (1.00) 

3.26 
(0-56), (0.73) 

(1.00) 
1.16, (2.38) 

(1.89) 
1.53 
1.79 

(3-26),4.32 
6.85 

(12.9), 15.0, 15.9 
(2.38), (3.26) 
7.40,8.60 

4.94 
(12.9) 

TABLE V.B. 

2. - METHYL SUGARS IDENTIFIED IN METHYLATED C. ERYTHROPHYLLUM GUM 

Relative retention 
S. time (T) of methyl 	 R after hydrolysis 	

Relative * glycosides* g 	 0 - methyl sugar amount 
Column (I) 	Column (2) 	solvent (e) solvent (f) 

0.97 0.99 2,3 1 4-tri-0-methyl-L-rhamnose 
0.86 0.59 3,4-d±-0-methyl-L-'rhamnoee 
0.62 0.27 3-0-methy].-L-rhamnose 
0.97 0.99 2,3, 5-tri-Omethyl-L-arabinoae 
0.86 0.80 2,3,4-tri-0-methyl-L-arabinose 
083 0080 3,5-di--methyl-L-arabinoe 
0.83 0.80 2 1 5-di-.0-inethyl-L.-arabinose 
0.83 0.80 2,3-di-0-methyl-L-arabinose 
0,89 0.84 2,3,4,6-tetra..-methyl-D-ga1actose 
0.74 0.48 2,3, 6-tri-methyl-D-gaTactose 
0.74 0.35 2,3,4-tri-0-methyl-D-galactoae 
0.56 0.14 2,3-di-0-rnethyl-D-galactose 
- 

- 2,3,4-tri-0-methyl-D-glucuronic acid**  
- 

- 2,3-di-0-methyl-D-gTucuronic acid** 
- 

- 2,3,4-tri-0-methyl-D-galacturonic acid" 
- ( 	

- 2, 3-di-0-methyl-D-ga1acturonic acid* *  

I 
2 
1.5 
10 
1.5 
I 

1.5 
3.5 
4 
I 

0.5 
1.5 
0.5 
I 

0.5 
1.5 

- 

r) 
4:- 
S 

* 	figures in parenthesis indicate T values of components which are not completely resolved 

** as methyl eater methyl glycoside 

this is only a very rough estimate due to incomplete resolution of the majority of the components 
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room temperature. A portion of this solution (1/10 of total volume) 

was neutralised with barium carbonate, filtered, dialysed against 

distilled water (k 1) for 24 hours and against running tap water 

for 2 days, then mixed with the main portion of the solution, which 

had been dialysed against running tap water for 3 days. Polysaccharide I 

was isolated as the freeze-dried product (13.4 g; yield 32%). 

The dialysate obtained after the hydrolysis stage in the prepara-

tion was concentrated, deionised with Amborlite lB - 120 (H) resin 

and concentrated to a syrup. Paper chromatography in solvents (b) 

and (e) indicated the presence of large, amounts of arabinose 

[Ri. 0.32 solvent (b), 0.19 solvent (c) (pink spot) 3 with glycerol 
[major component:- RF 0.50 solvent (b), 037 solvent (e) (brown 

spot) J,. threitol in smaller amounts [B,1  0.41 solvent (b), 0.30 
solvent (e). (yellow spot) J and a sii1l amount of ethylene glycol 

[is. 0.56 solvent (b), 0. 1+6 solvent (e) (light brown spot) 3 
Chromatograms sprayed with silver nitrate and permanganate also 

showed traces of glycolaldehyde[R1  0.63 solvent (b), 0.58 

solvent (e) J. 
Polysaccharide I was found to have [OL. - 25.1 0  and molecular 

weight 4.2 x 10 (light scattering) which corresponds well with the 

32% yield from the gum itself. Hydrolysis with sulphuric acid. 

(2N - ), followed by chromatography in solvents (b), (c) and (g) 

showed the presence of galactose, arabinose and a significant amount 

of rhamnose as well as galacturonic acid, g].ucuronic acid and glucurono 

- 65 lactone. The ratio gal:ara:rha was 10:11.1+:5.5. Hydrolysis 

(IN - ) followed by chromatography in solvent (c) revealed the two 

major aldobiuronic acids, 6 - 0 - ( - 1) - glucopyranosyluronic acid) 
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D galactose and 2 - 0 - (L- D - galacturonosy].uronic acid) 

L rhanuioae in addition to a minor spot at 
Rgal 

 0.49, but again this 

component was not present in sufficient quantity to allow its isolation 

and identification. 

A sample of Polysaccharide I was eleetrodia1yed. The equivalent 

weight was 725 indicating a uronic acid content of 23.9% (almost the 

same as that of the gum itself). Using this figure and determining 

the uronic acid ratios, the complete sugar content of Polysaccharide I 

was calculated as shown in Table B.V,6. 

Partial acid hydrolysis of Polysaccharide I with 0.5N - sulphuric 

acid followed by chromatography in solvents (b) and (c) showed two 

major comor.cnte having 
Rgal 

 0.27 in both solvents (brown spot) and 

Rgal 090, solvent (b); 0.85,  solvent (c) (reddish/brown spot) 

indicating 6 0 - 	D galactopyranoayl - D galactose and an
MM 

arabinobioee component respectively. A minor component at Rgal 

0.44, solvent. (b); 0.41, solvent (c) (brown spot) was also present. 

Polysaccharide I (262 mg) was methylated to give a product 

(155 mg), (Found: 541 - 7•50, OMe 
37.8%). A portion of the 

product was methanolyBed and the mixture of methyl glycosides 

examined by g.l.c. The methanolysate was then hydrolysed and the 

resulting syrup examined by paper chromatography in solvents (e) 

and M. The 0 - methyl sugars identified are shown in Table V.B 9 3. 

The major component found was 2,35 tn 	0 - methyl L arabinose. 

No end-group rhamnose was found although 23 - di - and 3 0 methyl 

rhaninose were present. Large amounts of i'groupgalactoae, 

ga].acturonic acid and glucuronic acid were also found together with 



TABLE V.i. 

0 - METHYL SUGARS IDENTMEEDIN METHYLATED POLYSACCHARIDE I 

Relative retention 	 - 
time (T) of methyl 	Rafter hydrolysis 	 Relativo g 	

S  glycosides* 	 - methyl 8UUZ 	 amount 

Column (1) 	Column (2) 	solvent (e) solvent (f) 

(0.66),(1,02) (0.75),(1.08) 0.86 0.61 3,4-di-.0-mothyl--L-rhamnose 2 
3.42 3.46 0.63 0.24 3-0-me6hyl-L-rhamnoae k 

0.54,(0.66) 0.59,(0.75) 0.95 0.99 2,3,5..tri-0-methyl-L-arabinoae 10 
0.92 (1.08) 	- 0.83 0,81 20,4ri-0-znethyl-L-arabinose I 

1.16,2.33 (1.08),(2.44) 0.83 0.81 3,5-di'O-methyl-L-arabinoae 2 
1.84 1.59 0.83 0.81 2,3-di-O-methyl-L-arabinose 3 
1.64 1.76 0.89 0.85 2,3,4,6-tetra-0-methyl-D-galactose 5 

(2.90),(3.97) (3.O4),(4.32) 0.74 0.43 2,3,6-tri-40-methyl-D-galact6se k 
3.97,(4.2) 0.74 o.kk 2,4,6-trD-methyl-D-galactose k 

6.42 6.61 0.74 0.35 2,3,4-tri0-metn.y1--ga3.actoae I 
13.2,15.1,16.3 12.9,15.0,16.1 0.54 0.15 2,3-di..0-inethyl-D-galactose I 

.58,(2 , 90) (2.44),(3.O4) - - 2939 1+-tri-0-methyl-D-glucuronic acid** 3 
4 1 34 5.02 - - 2 ,3, 4-tri..0..mothyl-D-galacturonic acid** 2 

figures in parenthesis indicate T values of components which are not complete resolved 

as methyl ester methyl glycoside 

this is only a very rough estimate duo to incomplete resolution of the majority of the components 

I') 



128. 

293,6-, 2 9 4,6 - and 293,4 - tn - 0 - methyl - D - galactose and 

2,3 - di - 0 - methyl - L - arabinose. 3,5 - Di - 0 - methyl - L - 

arabinose was also present in significant amounts. Chromatography 

in solvents (e) and (f) also showed the presence of a small amount 

of 2 - 0 - methyl - D - galactose in addition to the 0 - methyl 

sugars already identified.' 

PREPARATION AND EXAMINATION OF POLYSACCHARIDE II 

Preliminary, small-scale experiments established that a 0.123)1 - 

sodium metaperiodato' solution and oxidation time of 48 hours were 

required for polysaccharide I. 

Polysaccharide I (11.3 g) was oxidised in darkness for +8 hours 

after which time 6.73 m moles periodate/g polysaccharide had been 

reduced and 1.1 m moles formic acid/g polysaccharide released. 

Addition of ethylene glycol (6.8 ml) stopped the reaction and after 

dialysis against running tap water for 2 days the solution was 

reduced with sodium borohydride (3.9 g) for 30 hours, dialysed, made 

IN with respect to sulphuric acid,, then hydrolysed for 2' days. During 

this hydrolysis, a white precipitate fcrmed and settled on the' bottom 

of 'the container. The supernatant was decanted off and freeze-dried 

to give Polysaccharide II (3.3 g, yield 29.2%). 

Polysaccharide II (QL3, 00)  was hydrolysed with 2N -: sulphuric 

acid for 7.5 hours. Chromatography in solvent (g) showed that no 

uronic acid was present. Hydrolysis with IN - sulphuric acid, 

followed by chromatography in solvents (b) and (c) showed that 

Polysaccharide II contained large amounts of galactose and rhamnose 

as well as smaller amounts of arabinose and a component running between 
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galactose and arabinose in solvent (c) (yellow/brown spot) and 

with arabinose in solvent (b) (giving the pink arabinose spot a 

yellow colouration)0 Another chromatogram was run in solvent (c); 

instead of developing with aniline oxalate, the chromatogram was 

sprayed with glucose oxidase reagent (see Section IV). A negative 

result was obtained; the component was therefore not glucose. Tests 

with mannose showed it to behave chromatographically in the same way 

as the unknown component. Also certain subsequent methanolysates 

(see later) showed a component, T 1.42, columns (1) and (2) which is 

attributed to 2,3,4,6 - tetra 0 methyl - D mannose. However 

there was not enough starting material to carry out a large-scale 

hydrolysis to isolate the component and characterise it positively. 

The ratio gal:raann (?):ara:rba was 10:5.3:7.515.0. 

Polysaccharide II was methylated by the Haworth method but on 

pouring the chloroform syrup into petrol ether (60-80) only a cloud-

iness was obtained. Another three at;empts achieved the same result. 

The four solutions were therefore allowed- to evaporate after which 

the. fine white residue was dissolved in methanol and a Prdie 

methylation carried out. Instead of pouring the chloroform syrup 

into petrol ether again, the solution was evaporated to dryness, 

methanolic HGl added, and methanolysis carried out in the noxma]. way. 

The methanolysate was examined by g.l.c. and the methyl glycosides 

identified are shown in Table V.B,k. Hydrolysis of the methanolysate, 

followed by chromatography in solvents (e) and (f) showed the presence 

of small amounts of 2 - 0 - methyl D - galactose. 

Unfortunately, these methylation attempts used up 80 much material 

that insufficient polyeaccharide remained for a partial acid hydrolyi 



TABLE V.B,k. 

0 - yxnM4  SUGARS  IDENTIFIM IN METHMTED POLYSACCHARIDES II AND III 

Relative retention 
time (T) of methyl 

glycosides 

Column (1) 	Column (2) 

P 	after hydrolysis 
g 

solvent (e) 	solvent (f) 

0 - methyl sugar 

Relative -  

Polysacc- 
haride 

II. 

Amount 

Polysacc-
haride 

11.1 

o.k8 0.1+9 0.93 0.99 2,3,k-tri-0-methyl-L-rhamnose 5 2 
0,68),i.o6 (0.72),1.02 0.80 0.66 3,4di_0xnethyl_L_ramnose 3 - 

(3.52) (3033) 0.62 0.28 3-0.niethyl-Lrhamnose 1.5 

0.57,(0.68) 0.58,(0.72) 0.93 0.99 2,35-tri-0-niethyl-L-arabinose 2 3 

0.97 1.02 0.80 0.81 2,3,4-tri..0-methyl-L-arabinose 1.5 1.5 
1.16,2.00 1.17,2.08 0.80 0.81 3,5-di-0-methyl--arabinose 1.5 1+ 

1.89 (10 1+3) 0080 0.81 2,3-di-0-.methyl-L-arabinose 2 1+ 
1.59 1,66 0.86 0.85 2,3,4,Ctetra..0-methyl-D-galactose 10 10 

2.96,(3.97) 2.86, 11.08 0.71 0.46 2,3,6-tri-0-methyl-D-galactoce 1 2 

(3.52),(3.97) 3.711,4.0 0.71 . 	 0. 112 2, 1+,6-tri-0-methyi-D-galactoso 0.5 - 

6.57 6.12 0.71 0.33 2,3,4-tri-0-methyl-D-ga].actose 	. I 0.5 

13.0,15.1,16.3 12.9,15.0,16.1+ 0.1+8 0.13 2,3-di-0-methyl-D-galactose 1.5. trace 

(1.1+2) (1.1+3) 0.86 0.95 2,3,4,6-tetra-0-rnothyl-D-mannose I 

(3.52) (3.33) 0.80 0.66 2,4,6-tri.0-.methyl.D-mannose. 2.5 5 
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or molecular weight determination. 

PREPARATION AND EXAMINATION OF POLYSACCHARIDE III 

Polysaccharide II was oxidised with sodium metaperiodate in the 

normal way. After 72 hours 5.4 m moles periodate/g polysaccharide 

had been reduced and 2.66 xn moles formic acid/g polysaccharide 

released. Polysaccharide III was obtained as the freeze-dried 

product (188 mg, yield 7.2%). The very low yield is indicative of 

extensive structural degradation of Polysaccharide U. 

Polysaccharide III was hydrolysed with IN - sulphuric acid. 

Chromatography of the hydrolysate in solvents (b) &nd (c) showed the 

presence of galactose, smaller amounts of arabinoso and rhamnose, 

and the suspected mannoso as the major component. 

Polysaccharide III was methylated in a similar manner to 

Polysaccharide II. Methono].ysis followed by g.l.c. gave the mixture 

of methyl glycosides shown in Table V,B,k. The main components 

found were 2,3,4,6 tetra - 0 - methyl - D - galactose, 35 and 

2,3 - di 0 - methyl L arabinose and 2,4,6 tn .. 0... methyl 

D - mannoae. Chromatography of the hydrolysed methanolysate in 

solvents (e) and (f) showed a trace amount of 2 0 methyl - D - 

galactose. 

These results show Polysaccharide III to be very complex, which 

is most unusual since it is such a small part of the original mole-

cule. An unusual feature of the methylation pattern is the large 

proportion of end-groups compared with the small amount of 2,3 - di - 

0 - methyl - D - galactose which is the only branching residue-type 

present. 
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PREPARATION OF DEGRADED GUM B - AUTOHYDROLYSLS PRODUCT 

Purified gum (9.2  g) was dissolved in distilled water (500 ml) 

and hydrolysed on a boiling water-bath for 100 hours, during which 

time the intrinsic viscosity fell from 102 ml/g to k mug (see 

figure V.B 9 1). At various time intervals, samples were withdrawn 

from the solution and chromatographed in solvents (b) and W. After 

53 hours, some arabinose was observed together with a suspected 

arabinobiose (R gal0.81,  solvent (c), pink spot). The amounts of these 

two components increased with time up to 100 hours, by which time some 

3 - 0 -B- L - arabinofuranosyl - L - arabinoae (R 	1.13,1.13, solvent 
- , 

(c), pl.nk spot) and a trace amount of rhmnose  were also found. 

After 100 hours, the solution was neutra].ised, filtered, deionised 

with Amberlite lB - 120 (H) resin, then concentrated and dialysed 

against running tap water for 72 hours. After re-filtration, 

Degraded Gum B was obtained as the freeze-dried product (1.73  g, 

yield 51%). 

Degraded Gum B had [OL - 220  and molecular weight 2.7 x 10 

(light scattering). An equivalent weight of 732 indicated a uronic 

acid content of 23.%.  The ratio gal:ara:rha was 10:22.7:5.2, which 

does not vary much from that of the gum itself. Chromatography of a 

IN - hydrolysate, followed by chromatography in solvent (c) showed 

the presence of the three aldobiuronic acid components described 

previously. Partial acid hydrolysis with 0.5N.- sulphuric acid 

showed three major biose components (Rgal 0.83, solvent (b); 0.86 1, 

solvent (c), pink spot - arabinobiose), (R 1  0.143, solvents (b) and 
ga 

(c), brown spot) and (R gal0.25,  solvent (b); 0.27,  solvent (c), 

brown spot), the latter being 6 - 0 _j3.r.  D -galactopyranosyl - - 

galactose. 
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Degraded Gum B (257  mg) was methylated to give a product (162 mg), 

(found: 	+9,00 OMe 36.4%). Methanolysia followed by g.1.c. 

showed a similar 0 methyl glycoside pattern to that obtained from 

the gum itself with 2,35 tn 	0 - methyl - L - arabinose being 

by far the major component. Large amounts of 2,3,4,6 - tetra - 0 

methyl - D - galactose, 2,3 di 0 - methyl L arabinoso and 

3 - 0 - methyl L rhamnose were also found. Slightly larger amounts 

of end-group galacturonic acid and glucuronic acid than in the 

methylated gum itself were also found. 	- 

PREPARATION AND EXAMINATION OF DGP.DEI) (11514 C 

A large-scale autohydrolysis was carried out on C. erythroylum 

gum to give an amount of Degraded Gum B suitable for further degrada-

tion studies. Preliminary small-scale experiments established that a 

0.12514 - sodium metaperiodate solution and an oxidation time of 48 

hours wsre required for Degraded Gum B. 

Degraded Gum B (32.8 g) was dissolved in distilled water (900 ml) 

and 0.2514 - sodium metapeniodate solution (900 ml) was added. 

Oxidation was carried out for 48 hours after which time 8.75 m moles 

peniodate/g polysaccharide had been reduced and 1.65 m moles formic 

acid/g polysaccharide released. Ethylene glycol (17.2  ml) was added 

to stop the reaction and the solution dialysed for 2 days. Sodium 

borohydrids (10.6 g) was added, the solution left for 30 hours, 

dialysed for 2 days and made IN with respect to sulphuric acid. 

After leaving the solution for a further 2 days a whitish precipitate 

had formed, which is similar to what happened in the preparation of 

Polysaccharide II. The precipitate was filtered off, the solution 
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dialysed for 2 days and Degraded Gum C was obtained as the freeze-

dried product (12.5 g, yield 38%). 

Degraded Gum C had [L L -9.5°  and molecular weight 3.13 x 10 

(light scattering). An equivalent weight of 1073 indicated a uronic 

acid content of 16.. Hydrolysis with 2N -  sulpric acid followed 

by chromatography in solvent (g) showed the presence of glucuroriic 

acid and galacturonic acid. Hydrolysis with IN sulphuric acid 

showed the three aldobiuronic acid components and gave the ratio 

gal:ara:rha as 10:11.1:4.9 (this compares with the ratio for 

Polysaccharide I). Partial acid hydrolysis with 0.5N - sulphuric 

acid followed by chromatography in solvents (b) and (c) showed 

6 - 0 --.D - galactopyranosyl D - galactos (Rgal 0.25, solvent 

(b); 0.27,  solvent (C), brown spot) as the major hiose component. 

Degraded Gum C was methylated in the normal way, but, as in the 

case of Polysaccharide II, the methylated polysaccharide would not 

precipitate in petrol ether (60-80). Because of this, methylation 

and subsequent methanolysis were carried out in the same way as 

for Polysaccharide II. The methyl glycaides were examined by 

g.l.c* and are shown in Table V.B 95. Hydrolysis of the methanolysate, 

followed by chromatography in solvents (e) and (f) showed the 

Presence of a small amount of 2 - 0 - methyl D galactose in 
LW 

addition to the methyl glycosides identified from g.l.c. 

PREPARATION AND EXAMINATION OF DE(ADED GUN I) 

Degraded Gum C (9.9 g) was oxidised with sodium metaperodate 

solution (0.125N - ) for 72 hours after which time 9.4 m moles 

periodate/g polysaccharide had been reduced and 307 m moles formic 



TABLE V.B,5. 

0 - METHYL SUGARS IDENTIFIED IN =71ATED DEGRADff) GUM C 

Relative retention 
time (T) of methyl 	R after hydrolysis 	 S 	 Relative g 	 0 - methyl 	 amount glycosdec 

Column (1) 	Column (2) 	solvent (e) solvent (f) 

0.47 
0.68,1.00 

(3.46) 
0.56,0.68 

0.91 
1 .46 
1.89 
1.59 

(2.81),(3-94) 
(3.4-6),(3-94) 

6.53 
9.1+6 

13-2915.1,16.3 
2.58, (2.81) 

4.63  

0.1+5 
0.72, (0.98) 

3.36 
0.56,0.72 

(0.98) 
(1.69) 
1.42 
(1.69) 

(2.86) ,(4.24) 
3.84, (4.24) 

6.7 
9.22 

13.4,15-306.8 
2,38, (2.86) 

4.78 

0.97 1.00 2,3, k-tri-.O-methyl-L-rhamnoae 
0.85 0.66 3, 1+-di.-0-methyl-L-ramnose 
0.67 0.29 3-0-methyl-L-rhamnoso 
0.97 1.00 2,3,5-tri-0-methyl-L-arabinose 
0.85 0.77 2,3,4-tri-0-methyl.t-arabinose 
0.85 0.77 2,5-di.0-methyl-L-arabinose 
0.85 0.77 2, 3-di..0-methyl-L.-arabinose 
0.90 0.82 2,3,4,6-tetra-0-niethyl-D-galactose 
0.77 0.1+7 2,3, 6-tri-.0-methyl-D-galactose 
0.77 0.1+2 2,1+, 6-tri-0-methyl-D-galactose 
0.77 0.37 2, 3,Lftri..0methy1-Dga1actose 
0.56 0.20 2, 6-di-0-methyl-D-g1actoe 
0.56 0.12 2, 3-di..0-methyl-D-galactose 
- - 2,3,4-tri-.0-meth1-D-g].ucuronic acid 
- - 2,3,4-tri-0-methyl-D-galacturonic acid 

I 
2 
If 
10 
I 
I 

1.5 
5 
5 
If 
3 

trace 
1.5 
1.5 
I 

* 	figures in parenthesis indicate T values of components which are not completely resolved 

* * as methyl eater methyl glycoside 

* * * this is only a rough estimate due to incomplete resolution of the majority of the components 
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1%. 

acid/g formic acid/g polysaccharide released. The solution was 

treated in the normal way for a Smith degradation and Degraded 

Gum D was obtained as the freeze-dried product, (0.55 g, yield 6%). 

Degraded Gum D had GL +130  and a molecular weight (Mn) of 

2.13 x I03  found by end-group analysis. Hydrolysis with 2N - sulphuric 

acid followed by chromatography in solvents (b) and (c) showed that 

galactose was the main component along with arabinose and large 

amounts of rhamnose. Chromatography in solvent (c) showed the 

presence of a substantial amount of mannose also. The ratio gal: 

ara:mann:rha was 10:5.1:2.8:6.9. Table V0 16 shows the percentage 

of sugars present in Degraded Gum D and all the other degradation 

products of C. erythrophyllura gum. 

Degraded Gum D . was methylated in the same way as Polysacchride 

II. Methnalysie followed by g.l.c. on column (1) showed that the 

major component was 20,43 - tetra - 0 - methyl - D galactoce 

(T 1.58). Large amounts of 2,3,4 - tri 	14 - di - 0 - methyl - 

L - rhamnose, 2,3,6 - tn - and 2,3 - di - 0 - methyl - D - galactose, 

2,3,4 -tni - and 2,5 - and 20 - di - 0 -, methyl - L - arabinose 

were. also present along with a small amount of 2,3,4 - tn - 0 

methyl - D - galactose. A small amount of end-group mannose CT 1.42) 
EM 

as confirmed chràmatographically in solvent (f) (R gal0.97),  and a 

component (T 2.66) is thought to be 3,4,6 - tn - 0 - methyl - 1) - 

mannose. The large component (T 3.48) is thought to be a mixture of 

2 - 0 - methyl - L - rhamnose and 2,1, 1 6 tn - 0 - methyl - D - 

mannose; the latter may be present in small amounts in all of the 

methanolysates. 
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TABLE V.B6. 

SUGAR CONTENT OF C • ERYTHROPHYLLUM 
P.141) ITS DEGRADATION PRODUCTS 

Polysaccharide gal. ara. rha. nann. gal.A. giu.A. [cL 

degrees 

C. erythrophyllum 
27 33 16 - 	 8 14 -57 

gum 

Polysaccharide I 32 24 21 - 	 11 12 -25 

Polysaccharide II 27 18 +1 14 	- - 0 

Polysaccharide III 26 20 23 31 	- - n.d. 

• Degraded &uin A 37 6 21 - 	 14,  22 +53 

Degraded gum B 30 33 14 • 	 - 	 7 16 -22 

Degraded guii C 37 29 •18 	- 6 	10 	-10 

Degraded gum D 40 21 28 	11 - 	 +13 

n.d. - not done 
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Figure V.B 9 2. shows the formic acid released with time on 

periodate oxidation of C. erythrpum gum and its degradation 

products. 

V.B.k. 	DISCUSSION 

C. ortrophyllum gum contains galactose (27%), crabinose (3), 

rhamnose (16%) and uronic acid (24%). The uronic acid content con-

sisted of glucuronic acid, galacturonic acid, '4 - 0 - methyiglucuronic 

acid and giucurono 6,3 - lactone, with glucuronic acid being the 

major acidic sugar present. 

Hydrolysis with IN - sulphuric acid followed by chromatography 

in solvent (c) indicated the presence of three aldobiuronic acids at 

Rga1 O8B o.'+8, and 0.28. The component at 
Rgal 

 0.28, which was the 

major component, was chromatographically indistinguishable from 

6 - 0 - (- D - g].ucopyranosyluronic acid) .-D - galactose. Its 
Jim

[aL value and hydrolysis experiments showed that the component ic 

in fact 6 - 0 - ( - D - glucopyranoeyluroaic acid) - 1) galactose. 

The component at Rgal  0.88 gave a yellow spot colouration with aniline 

oxalate spray reagent. Hydrolysis experiments indicated that this 

aldobiuronic acid contained rhamnose and galacturonic acid which 

together with the 	value found indicates that this component 

is 2 - 0 - (J_- D - galactopyranosyluronic acid) L - rhaninose, which 

has been found and characterised by Aspinafl and Bhavanandan in 

C._loonenso gum. The third component, R 	 0.48, was not present ingal 

sufficient amount to allow its characterisation, but from its Rgal 

value, and the fact that C. erroyum gum has a small methoxyl 

content, this trace aldobiuronic acid may be 6 - 0 - (1 - 0 methyl 

D glucuronosyluronic acid) - 0 - galactose. 



F0I1IC ACID RELEASED (m moles/p) WITH TIIE (HOURS) ON PERIODATt OXIDATION  
OF. C.FJQPHTLLUH GUM AND ITS DEGRADATION PRODUCTS 

4.0 j 

-. Degraded 0zn C (') 
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C. erythrophyllwn gum was methylated. l4ethanolyeia followed by 

g.l.c. examination showed the presence of large, amounts of end-group 

arabinofuranose and galactose residues. Small amounts of end-group 

arabinopyranose, rhamnoso and uronic acid were also present. 2,3 

Di - 0 , - methyl - L arabinose was present in sub.atantial amounts in 

addition to smaller amounts of 2,5 - and 3,5 di - 0 methyl - L - 

arabinose. In addition to 3,4 - di - and 3 0- methyl - L rhamnose 
UM 

substantial amounts of 2,3 di - 0 methyl glucuronic and galacturoziic 

acid were present indicating intra-chain uronic acid residues linked 

in the 1+-position to end-group rhamnose, arabinose or galactose. 

2,3 - Di - 0 - methyl - D - galactose and 3 - 0-,,ethyl - L 

were the only branch-point residues cbserved. The 2 - 0 - methyl - 

- galactoot.,  may be due to underinethylation or may indicate galactose 

linked in the 1-, 3-, 1+- and 6- positions as has been postulated for 

C. leonanse by Aspinall and Bhavanandan 15  

Hydrolysis of C. erytroyllum  gum with 0.01H sulphuric acd 

for 96 hours on a boiling water bath gave Degraded Gum A. The 

distilled-water dialysate from the preparation of Degraded Gum A was 

concentrated and examined by chromatography. Small amounts of gala-

ctose and rhamnoas were observed together with large amounts of 

arabinose 'and two major components gal  0.86, solvent (c), pink spot) 

and gal  0.31+, solvent (c), large diffuse brown spot). The two major 

biose components were eluted from Whatman 3NM papers and examined by 

hydrolysis and methanolysis. Fraction (a), (R gal0.86)  which contained 

only arabinose, was a mixture of arabinobiose components. Fraction (b) 

(R gal0.31+),  which contained a small amount of arabinose in addition 

to galactose was also very complex, containing two galactobioses and 

a suspected arabinosylgalactobioae. 
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Degraded Gum A contained galactose, rhainnose and a wall amount 

of arabinoas in addition to a large amount of uronlc acid, which 

is as expected, 8irLCe O.OIN.- hydrolysis does not break uronosyl 

linkages. Partial acid hydrolysis showed 6 0 	- I) - galacto- 

pyranosyl D - galactose to be the major biose present, a fact 

confirmed by the presence of large amounts of 2,3,4 - tn - 0 

methyl D galactose in the methanolysate of Degraded Gum A. The 

methanolysate also showed large amounts of end-group galactose, 

arabinofuranose, rhamnose, glucuronic and galacturonic acid. 

2,3 - Di - 0 - methyl - L - arabinose indicated the presence of 

intra-chain arabinose, and ntra-chain rhamnose was also indicated 

by 3,4 - di - and 3, - 0 - methyl L - rhamnose. 
tM 

yuni gum was smith degraded to give Polysaccharide I 

which contained galactose, arabinose and rh.amnose in large amounts 

and uronic acid (24%). A similar uronic acid content to the gum 

itself indicates that some uronic acid is end-group in the gum 

itself but most of it is intra-chain. Polysaccharide I contained 

the same three aldobiuronic acid components as the gum itself.  

Methylation of Polysaccharide I showed large amounts of end-

group galactose and arabinofuranose in addition to end-group 

glucuronic and galacturonic acid. 2,3 - Di - 0 - methyl - L - 

arabinose was the major di - 0 - methyl arabinose found s  with 

smaller amounts of 3,5 - di - 0 . methyl - L - arabinose, but no 

2,4 - or 2,5 - di - 0 - methyl - L - arabinose was found showing 

that Polysaccharide I does not contain any 3 - 0 - 3- arabinosyl -. 

L - arabinose. The 3 - 0 - methyl - L - rhamnose and 2,3 - di - - 

methyl D - galactose are indicative of chain branch points. 
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A Smith degradation of Polycaccharide I gave Polysaccharide II 

which had rhannose as its major sugar. Galactose and arabinose were 

also present together with a substantial amount of a component behaving 

chromatographically like mannose. No uronic acid was present. The 

presence of another neutral sugar in the latter stages of a Smith 

degradation study is very unusual and opens speculation as to the 

location of the mannose In the gum structure. Two possible theories 

are:- (a) it is present in a very small amount in the gum but attached 

to uronic acid, thus not appearing in a IN - hydrolysato. until all the 

uronic acid has been removed; (b) mannose is in the central core of the 

gum structure and is protected from hydrolysis until a groat deal of 

the peripheral material has been removed. Narmose, however, is only 

postulated on chromatographic evidence; insufficient material was 

available to allow its isolation and identification. 

Polysaccharide IT was methylated and g.l.c. examination of the 

methano'ysate showed the main components to be end-group rhamnoso 

and galactose as well as end-group arabinoso (muranose and pyranose). 

3,1+ - Di - 0 - methyl - L - rhamnoae, 3,5 and 2,3 - di - 0 methyl 

L - arabinose and 2,3,6 - and 2,3,1+ - tn - 0 - methyl 1) galactose 

were also present in substantial amounts. 20 - Di - 0 - methyl - D - 

galactose arid 3 - 0 - methyl - L - rhamnose are the only branch-point 

residues found. 2,4,6 - Tn - 0 - methyl - D - mairnose is thought to 

be present but unfortunately this has approximately the same T value 

35 as 3 - 0 - methyl - L - rhamnose6' (see Section 'J.B, Part B), which 

prompts the speculation that the tri 0 - methylmannose may have been 

obscured by the 3 - 0 - methyl - L - rb.amnose in other g.l.c. traces. 
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Polysaccharide II was Smith-degraded to give Polysaccharide III 

in a very small yield (7.2%),  indicating large-scale structural 

degradation of Polysaccharido II £ confirmed by the amount of formic 

acid released (see figure V.B,2) J. The suspected mannose was the 

major sugar found together with galactocs, arabinoe, and rhamnose. 

Partial acid hydrolysis showed the presence of 6 - 0 -p-. I) - 

galactopyranosyl D - galactose. 

)4ethylation of Polysaccharide III showed large amounts of end-

group galactose. A significant amount of 20 di - 0 - methyl £ 

arabinose indicated some intra-chain arahinose residues. The facts 

that (a) Polysaccharide III was obtained in very small yield and (b) 

only a small amount of 20 -. di - 0 methyl - B - galactose relative 

to end-group residues was found,indicate that whole side-chains present 

in Polysaccharide II may have been cleaved in the preparation of 

Polysaccharide III. 

An autohydrolysis of 	o1!-1wn gum followed by a sub- 

sequent Smith-degradation study confirmed the above findings with 

mannose appearing in IN - hydrolysates only after all uronic acid 

had been removed. 

As is obvious from the complexity of the results obtained, no 

definite structural type can be postulated for C. eyt2pyllum gum. 

It is very unusual for such a complex neutral sugar mixture to be 

present after such extensive degradation of a gum structure has been 

carried out. Also extremely unusual is the appearance during a Smith-

degradation sequence or what, from chromatographic evidence, seems 

to be mannose. A significant fact. is that it is only detectable by 
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chromatography after all uronic acid has been removed from the gum 

structure. This prompts the postulation of a Bide chain of the 

type shown in figure V.B 1 3. 

FIGURE V.B 9 3. 

mannose 	
/ 	

uronic acid -7L x 

inannose 	- uronic acid 
/ 

---- mannose 

2hllum gum 

Polysaccharide I 

Polysaccharide II 

Apart from arabinobiose components which may, from the presence of 

2,3 di 0 - methyl L - arabinoso in all methanolysates, contain 

1,5 linked arabinose residues, the main biose components are 6 - 

- 
p D - galactopyranosyl - D galactose and a component (R gal 

0.40, brown spot), which from its low 
Rgal 

 value is expected to 

boa galactobiose but is not 1,3 - or 1,.6 - linked galactose residues. 

From the presence of substantial amounts of 2,3,6 tn - 0 methyl 

D --galactose in all methanolyaatea, this component could we].l be 

k - 0 - (.(.. or ) .- galactopyranosyl - D - galactose, although further 

experiments would be required to isolate and characterise it. 

The main structural features to emerge from this present work are: 

(1) C. erythrphyUum has a 1,6 - linked galactose backbone with 

1,4 -linked galactose chains present also; (2) the majority of uronic 

acid residues are intra-chain, the second residue from the end of a 

chain. The end-groups attached to the uronic acid may be either 

arabinose, rhamnose and galactose and they are attached to the k - 

position of the uronic acid. Galacturonic acid is linked 1,2 to 

rhemnose, whereas glucuronic acid and its k 0 - methyl analogue are 

attached 1,6 - to galactose (figure V.B,+). 
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FIGURE 

galactose 6 	I glucuronic acid k 4- 	X 

rhanoae 2 < 	I galacturonic acid 1 ______ x 

In the case of the galacturonic acid/rhainnose species the rhamnose 

may be linked to something other than the uronic acid, which would 

explain the presence of 3 - 0 - methyl - L - rhainnose0 The presence 

of such a system has been postulated for C. leonense by Aspina.1.l and 

Bhavanandanhf (see figure V.B.5); 

FIGURE 

k------ I rhamnose 2 - 	I galacturonic acid k I 	X 

(3) The structure contains a lot of peripheral arabinofuranosyl uni,s 

Also on the periphery are 1,3 - linked arabinopyranose and arabino=. 

furanose biose units. There are no long chains of 1,3 linked 

arabinose units shown by the absence of any 2,4- or 2,5 - di - 0 - 

methyl - L - arabinose in methylated Degraded Gum A or Polysaccharide 10 

There may be, however, long chains of 1,5 - linked arabinose units as 

shown by the presence of 2,3 - di - 0 methyl L arabinose; The 

presence of 3,4 - di and 3 - 0 - methyl L - rhamnose indicate 
EM 

intrachain rb.amnose residues and the possibility of rhamnose side 

chains cannot be ruled out. 

All the results indicate that C. orythroyllum gum has a very 
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complex structure, confirming the genetic complexity of the 

Combretuin genus. Extensive work will have to be carried out in 

much greater detail and with larger amounts of starting material to 

clarify the significance of these results and allow the postulation 

of a complete structure for the gum. 

SECTION V.B PART B 

SOME STRUCTURAL FEATURES OF ThE GUN FROM 
C • HARTMANNIANUN SCHWEINF 

V.B.5 • 	PURIFICATION AND EXAMINATION OF C. 

Crude gum (32.3 g) was dissolved in distilled water (2.5 i) 

giving a clear, yellow solution which was easily filtered. After 

filtration, the solution was dialysed for 2 days, concentrated, and 

obtained as the freezedried product (23.4 g, yield 72%). 

The polysaccharide was found to contain the neutral sugars 

galactose, arabinose, mannoae xylose and rhamnose in approximately 

the same proportions as found previously in the analytical study. 

Galacturonic acid, glucuronic acid and iti k 0 methyl analogue, 

and glucuronolactøne were also found in a 2N hydrolysate. 

IDENTIFICATION OF THE BIURONIC ACIDS 

Chromatography of the. IN - hydrolysate in solvent (c) showed 

two spots at R 	0.28 and 0.50 respectively indicating the presencegal  

of two aldobiuronic acid components. No spot was observed just behind 

galactose (R gal -  0.90) indicating the absence of 2 - 0 - (L- galacto-

pyranosyluronic acid) - L - rhamnose. Chromatography was carried out 

on Whatnsn 3HM papers in solvent (c) and the two acidic components were 
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eluted as described for C. erythr2p,yllufl1. Specific rotations were 

recorded for each component and hydrolysis with 2N acid was carried out 

to determine the constituents. 

Component (a) (R gal 0.28) was found to have [CL +23°  and was 

chromatographically indistinguishable from 6 - 0 - ( 
- D - glucopy-

ranosyluronic acid) D - galactose. Hydrolysis with 2N sulphuric 

acid, followed by chromatography in solvents (c) and (g), indicated 

the presence of galactose and glucuronic acid in approximately equal 

amounts. These results are consistent with those found for 

component (a) from C. erythrophyllum, and so component (a) from 

C. hartmannianum is 6 - 0 - ( - D glucopyranosyluronic acid) - 

D - galactose. 
so 

Component (b) (Rgal  0.50) had [cL.:j, 	Hydrolysis (2N - 

acid) followed by chromatography in solvents (c) and (g) indicated 

the presence of mannose and ga].acturonic acid as the major 

components, with smaller amounts of galactose, glucuronic acid and 

l. - 0 - inethylgiucuronic acid. From these results it appears that 

component (b) is a mixture of at least two aldobiuronic acids, 

containing mnnose and galacturonic acid and galactose and k - 0 - 

methylgiucuronic acid respectively. A mamose-glucuronic acid with 

E t:1 -320  has been found in Angeissus gum exudates and has been 

characterised as 2.- 0 - ( - D - glucopyranosyluronic acid) 

mannose. This was confirmed for a sample of Anog eissus latifolia 

during this present study where hydrolysis of the component in 

question with 2N - acid gave mannoae and glucuronic acid. So it is 

possible that the galacturonic acid and mnnose may arise from 

2 - 0 - ( - D - galactopyranosyluronic acid) - D - rnannose. The 
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presence of glucuronic acid in the 2N hyd.ro].yeate of component (b) 

may arise from the loss of a methyl group from certain k - 0 methyl-

glucuronic acid residues, although the possibility of it being present 

in a glucuronic acid mannose biuronic acid species cannot be ruled 

out. Attempts to separate the two fractions of component (b) by 

chromatography in solvent (c) for 48 hours and in solvent (b) for 

96 hours were unsuccessful, indicating that the two components 

behave similarly chromatographically. 

Partial acid hydrolysis of C. hartmannianum with 0.5N - sulphuric 

acid for 1 hour followed by chromatography in solvents (b) and (c) 

showed the presence of three components present in approximately equal 

proportions at 
Rgal 

 0.84 solvent (b) 0.87 solvent (c), 0.51 solvents 

(b) and (c) and 0.28 solvent (b) 0.24 solvent (c) . The first of 

these components, on the basis of its 
Rgal 

 value and pit!k colouration, 

appears to be an arabinobiose.of some kind; a pinkish spot at R gal 

0.51 could be of the galactose-arabinoae type; and .a brown component 

at 
Rgal 

 0.28 solvent (b) 0.24 solvent (c) could be 6- 0 .- D - 

galactopyranosyl - D galactose. 

C. !iartmannianuti polysaccharide (239 mg) was methylated to give 

a. product (123 mg), (Found: [aLa ..32° ; ONe 39.1%). A portion of 

the product was methanolysed and the mixture of methyl glycosides 

examined by g.l.c. The metbanolysate was then hydrolysed and the 

resulting syrup examined by paper chromatography in solvents (e) 

and (f). The 0 - methyl sugars identified are shown in Table V.B, 7° 

The major component identified was 2,35 tn 	0 - .methyl- - L - 

arabinose. Also present were large amounts of 2,3,4 - tn - 0 - 

methyl -, L - rhamnoso, 2,3,4,6 tetra - 0 - methyl D - galactose 



2. - NL'1'HYL SUGARS IDENTIFIED IN MET3iYLTED C. HARTMAINIAMJM GUN 

Relative retention 
time (T) of methyl 	R after hydrolysis 	 Relative*** 

glycosides* 	 - 	 0 - methyl 	 amount 

Column (1) 	Column (2) 	solvent (e) solvent (f) 	- 

(0,k9) 
(0, 1m9), (0,52) 
(0.52),o.67 

0.90 
1.72 

1.72 
I ,52 

(3002) ,3.87 
6.33 
8. k 

11-0,131.3,14.5 
1.36 
2.72 
3.42 
7.42 

2,38, (3.02) 
5027  

(0-4- 7) 
(0.k7), (0.56) 
(0-56),0.71 

(1.01) 
(2.26) 
1.57 
1.77 

(3-12) ,4.29 
6.22 
9.28 

12.5, ik.8, 15.8 
i.ko 
2093 
3 0 37 
7.52 

(2.26),(3-12) 
4.96 

0.96 1.04 2,3,4-tri-0-methyl-L-rhamnose 
0.96 1.04 2,3,4-tri-methyl-D-lose 
0.96 1.04 2,3,5.trimethyl-L-arabinose 
0.85 0.82 2,3,4-tri-0methyl-L-arabinose 
0.85 0.82 2,4-di-0-methyl-'L-arabinose 
0.85 0.82 2,3-di-0-methyl-.L-arabinose 
0.90 0.96 2,3,tf,6..tetra-_mnethy1_ ,_galactose 
0073 o.48 2,3,6-tri-Dmethyl-D.-galactose 
0.73 0038 2,3, k-tri-O-methyl-D-galactose 
0.51 0.22 2,6-di.-,O-galactose 
0,51 0.15 2, 3..di-O-methyl-D-galactose 

0.90 0.96 3,k,6-tetra-0-iethyl-D-maimose 
0073 0069 k, 6-tri-0methyl-D-mnose 
0.6k 0.69 2,4,6-tri-0-methyl-D-mannose 
0.51 0.22 2,6-tri-0-methyl-i-annose 
- 2,3,4.tr-0-methyl-D-glucuronic acid** 
- 

- 2,3, k..tri-O-niethyl-D-galacturonic acid' 

2 
2 
10 
3 
k 
2 
k 
2 
2 
2 
2 

trace 
2 
2 
I 
2 
I 

figures in parenthesis indicate T values of components which are not completely resolved 

** as methyl ester methyl glycoside 

this is only a rough estimate due to incomplete resolution of the majority of the components 
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and 2,4 - tn - 0 - methyl - L arabinose. Much smaller amounts 

of 2,3,6 - and 2,3,4 - tn 	0 - methyl D - galactose, 3,1+,6 - 

and 2,+,6 - tn - 0 - methyl D - mn1noao were found in addition to 

end-group glucuronic acid and galacturonic acid.. Paper chrornato-

graphy in solvents (e) and (f) also showed the presence of 2 - 0 - 

methyl - D - galactose. 

PREPARATION AND EXAMINATION OF POLYSACCHARIDEI 

Preliminary, cmall-scale experiments established that 0.2511 - 

sodium metaperiodate solution and oxidation time of 72 hours were 

requ.r'd for C. hartmaimianum gum. Pure gum (23.4 g) was dissolved 

in distilled water (1274 ml) and O.5M - sodium metaperiodate solution 

(1274 ml) was added. Oxidation was carried out in the dark  for 72 

hours, after which time 8.7 in moles periodate/g polysaccharide had 

been reduced and 1.7 in moles formic acid/g polysaccharide released. - 

Ethylene glycol (12.7 ml) was added; after dialysis for 2 days, 

sodium borohydride (6.25 g) was added and the, solution left for 

30 hours. After dialysis for a further 2 days, the solution was 

made IN with respect to sulphuric acid, left for 2 days, dialysed 

for 2 days, concentrated, filtered and Polysacchani,de I obtained 

as the freeze-dried product (7.8 g, yield 31%). 

Polyeaccharide I had [t +16.2° . This is markedly different 

from the value for the untreated polysaccharide (-.350). 'Hydrolysis 

with 2N - sulphuric acid followed by chromatography in solvent (g) 

indicated the absence of any uronic acid. Hydrolysis ON - ) 

followed by chromatography in solvents (b) and (c) showed the 

presence of large amounts of galactose and arabinose in addition to 
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mannose. Both rhaninose and xylose were absent. The ratio gal:mann:ora 

was 10:5.4:12.8.  Partial acid hydrolysis with 0.5N - sulphuric acid 

showed, in addition to galactose, mannose and arabiAlose, two components 

at 
Rgal 

 0.60 solvent (b), 0.51  solvent (c) (pink spot) and at Rgal 

0.23 solvent (b), 0.26 solvent (c) (brown spot). 

Polysaccharide I (265 mg) was methylated to give a product 

(132 mg). (Found: EOQ -20.80 ; OMe 37.1%).  A portion of the 

product was inethanolysed anaL the mixture of methyl glycosides 

examined by gl.c. The 0 - methyl sugars identified are shown in 

Table V.B,8. Hydrolysis of the methanolysate followed by chromato-

graphy in solvents (e) and (f) also showed the presence of a snail 

amount of 2 - 0 - methyl - D - galactose in addition to the methyl 

glycosides identified by g.l.c. The main components found were 

2,3 9 4,6 - tetra - , 293,6 - and 2,3,4 . -  tn - and 2,3 - di - 0 - 

methyl - D - galactose, 2,3,5 - tn and 2,k - di - 0 - methyl - L - 

arabinoeo and 2,,6 - tn - 0 - methyl - D - mannoce. 
UM 

PREPARATION iAN!) EXAMINATION OF POLYSACCHARIDE II 

Polydaccharide I (5.0  g) was dissolved in distilled water (135 ml) 

and 0.25N - sodium metaperiodate (135 ml) added. Oxidation was carried 

out for 72 hours after which tice 1+.4m moles pariodate/g polysaccharide 

had been reduced and 1.8 m moles formic acid/g polyaaccharide released. 

The solution was treated in the same way as in the Smith Degradation 

of C. hartinannianum gum itself. Polysaccharide Ii was obtained as 

the freeze-dried product (1.1 g, yield 2). 

Polysaccharide II had E41 	Hydrolysis with IN - sulphuric 
acid followed by chromatography in solvents (b) and (c) showed that 



TABLE V.B !8, 

0 - MET±iiL SUGARS IDENTIFIED IN N mThATED POLYSACCHARnE I 

Relative retention 
time (T) of methyl 	R after hydrolysis 	

Relative glyco3ides* g 	 0 - methyl sugar 	 amount 
Column M . 	Column (2) 	solvent (e) solvent (r) 

0.53,0.65 
0.98 
1..$5 
1.55 

321,3.78 
6.00 
8.78 
13.6, 1t+.8 

1.30 
2.74 
3.38 
7-72 

0.56,0.7k 

0.99 
2.12 
1.70 

(2.92),4.32 
6.42 
9.08 

12.5, i'+,8, 15.8 
1.37 

(2.92) 
3.64 
7.84 

0.96 0.99 2, 3 , 5-tri-O-methyl-L-arabinose 
0.85 0.81 2, 3,k-tri-0-methyl-1-.arabinose 
0.73 0.81 2,4-.di..0-methyl-L....aabinose 
0.90 0.85 2,3, k, 6..tetra-0-methyl-D-gaiactose 
0.73 0.48 3,6..tri-0-methyl'.D-ga!actose 
0.73 0.38 2,3, k-tri-0-.inethyl-D-galactose 
0.51 0.22 2,6-tri-0-methyl-D-galactose 
0051 0.15 2,3-tri.'0-znethyl-D-galactose 
0.90 0.84 2,3, k, 6-tetra.-0.-methyl-D-mannose 
0.73 0.69 k, 6-tri0-methyl-D-mamioee 
064 0.69 2,4 1 6-tri-0-methyl-D.mannose 
0,51 0.22 2,6-tri-0-methyl-D-annose 

3 
2 
10 
5 

3 
2 

I 
2 
5 
2 

.- 

figures in parenthesis indicate T values which are not completely resolved 
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arabinose was present in large amounts, along with galactose and a 

smaller amount of mRnnoae. Partial acid hydrolysis with 0.5N - 

sulphuric acid showed the presence of two disaccharides in addition 

to the monomers, at 
Rgal 

 0.24 solvent (b), 0.26 solvent (c) (brown 

spot), and at Rgal  0.60 solvent (b), 0.51 solvent (c) (red spot) in 

approximately equal proportions. 

Polysaccharide II was methylated in the normal way, but the 

methylated polysaccharide did not precipitate in petrol ether 

(60-80). A repeated inethylation gave the same results and so the 

methylation and subsequent mothanolysis were carried out as 

described for C. erythrophyllum, Polysaccharide II. The 0 - methyl 

sugars identified are shown in Table V.B,9. Hydrolysis of the 

methanolysate. followed by chromatography showed the absence of any 

di -0-methyl sugars or any 2 -.0- methyl - D -  ga].actoee. This 

would seem to indicate that polysaccharide II is a single long chain 

since o:].y chain propagating and chain terminating groups are found. 

Table V.B10. shows the sugar content of all the polyeaccharidoa. 

TABLE V.B,10. 

SUGAR CONTENT OF C. HARTNANNIANUM AND ITS 
DEGRADATION PRODUCTS 

Polysaccharide 	E0)  Ga]. Ara Máxm Rha Xyl Ga]. A Glu A 
degrees 

C. hartinannianum gum 	-35 	22 43 10 	k 	6 	6 	9 

Polysaccharide I 	+16 	36 45 19 	- 	- 	- 	- 

Polysaccharide 11 	+64 	31 46 23 	- 	- 	- 	- 



TABLE 

2. - METHYL SUGARS ID1TIFIED IN NETHYLATED POLYSACCHARIDE II 

Relative retention 
time (T) of methyl 	R after hydrolysis 	 Relative 

glycosides 	 g 	 0 - methyl sugar 	 amount 

Column (1) Column (2) solvent (e) solvent (f) 

0.51,0.64 0.56,0.72 0.98 1.00 2,3,5-tri-0-methyl-L-arabinose 2 

0.85 0.98 0.87 0.76 2,3,4-tri-0-methyl-L-arabinose 10 

1.78 2.22 0.82 0.76 2,4-di-0-'methyl-L-arabinose 5 

1.53 1.69 0.92 0.84 2,3,4,6-tetra-0-rnethyl-D-galactose 7 
2.94,3078 2.96,4.28 0.77 0.49 2,3,6-tri-0-methyl-D-galactose k 

6.12 6.23 0.71 0.38. 2,3,4_tri_0_methyl_D_galactoae 3 
1.30 1.32 0.92 0.84 23,4,6-tetra-O-methyl-D-rnannose 3 
3.38 3.64 0.71 0.68 2,4,6-tri-0-methyl-D-manno8e 5 

\j4 
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V.B.6. 	DISCUSSION 

C • hartniannianuin gum was found to contain galactose (22%), 

arabinose (+3%), rhamnose (k%), mannose (io) and xylose (6%). 

Chromatography of the IN - hydrolysate in solvent (c) showed the 

presence of three aldobiuronic acid components the major one being 

characterised as 6 - 0 - (- D - glucopyranosyluronic acid) - D - 

galactose from its Rgal  value and its hydrolysis products. The 

other two components which were found to behave similarly chromato-

graphically and wöre inseparable in all solvent systems examined 

are thought to be of a galactose/4.- 0 - methyl glucuronic acid and a 

mannose/galacturonic acid nature respectively. The mannàce/ga].a-

cturonic acid component would seem to be confirmed by the specific 

rotation (_270)  found for the combined components, a value similar 

to that of one of the acidic components characterised in Aneiesus 

samples, ie:- 2 - 0 . .(- D - glucopyranosyluronic acid) - D - 

mannose, 	= -320 . So it is possible that the mannoee/ 

galacturonic acid component may be 2 - 0 - 
	

- D - galactopyranosy- 

luronic acid) - D - mannose. This is confirmed by the presence of 

3,4,6 - tn - 0 - methyl - D - mannose on methylation of the gum. 

The other component is thought to be 6 - 0 - (k - 0 - methyl -- D - 

glucopyranosyluronic acid) - I) - galactose, which would have a very 
UM 

small positive [o1. and not contribute much to the [cL of the 

mixture. 

)4ethylation of C. hartnrnnnianum gum showed the presence of end-

group xylose, rhmno se, glucuronic acid and galacturonic acid as well 

as large amounts of end-group arabinose (both in the furanose and 
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pyranose forms) and galactose. Also present in fairly substantial 

amounts are 2,1+ - and 2,3 di - 0 methyl L - arabinose, 2,3,6 

tn 	and 2,3,1+ tn - and 2,3 di 0 - methyl - D - galactose and 

3,4,6 - and 2,4,6 - tn - 0 methyl - I) - maimose. The presence of 

2,6 - di and 2 0 - methyl - D - galat000 may be due to under-

methylation or they may have some structural significance. 

Partial acid hydrolysis showed the presence of three biose 

components. The component at R 
gal  0.84 solvent (b) 0.87 solvent (c) 

is expected to be an arabinobiose,and from the presence of 2,1+ di - 

0 - methyl - L árabinoso in methylatod gum, the arabinobiose is 

expected to be 3. 0 .. -. àrabinopyranosyl L - arabinose. This is 
go 

also expected from its R 	 values. The component at 	0.50,gal 

from its R gal  value and also spot colouration is thought to contain 

something linked to arabinose, possibly galactose linked to 

arabinose. The third component, from its 
Rgal  value might possibly 

be the galactobiose, 6 - 0 	D galactopyranosyl - D galactose 

although the possibility of galactose linked to mannose cannot be 

ruled out. 

A Smith Degradation of C._hartrnanniauum gum gave Polysaccharide I, 

which was found to contain only galactose, erabinose and mannose, with 

arabinose the major component. The rat7L value of +160  shows that the 

structure of Polysaccharide I is considerably different from the gum 

itself ( [d... 	35°). }Iethylation of Polysaccharide I showed the main 

components to be 2,3 9 1+ - tn, and 2,1+ - di - 0 - methyl - L - arabinose, 
2,3,1+6 - tetra -, 2,3,6 - tn - and 2,3,4 - tri and 293 - di - 0 - 

methyl - D - galactose and 2,4,6 - tn - 0 - methyl D - mamnocie. 
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Partial acid hydrolysis of Polysaccharide I showed that two of the 

biose components present in the gum itself at Rgal -s-' 0.50 and at 

0.26 were also present in approximately equal amounts. 

Polysaccharide II, obtained on periodate oxidation of 

Polysaccharide I, also contained galactose, arabinose and mannose. 

Arabinose was again the major neutral sugar, but the ratio of 

arabinose:galactoae was greater than in Polysaccharide I. This is 

unusual. Partial acid hydrolysis also showed the presenc. of the 

two biose components found in Polysaccharide I. 

Methylation of Polysaccharide II showed the main components 

to be end-group arabinopyranose and galactose residues. end-group 

arabinofuranose and inannose were also present in addition to 

2,4 - di - 0 - methyl - L - arabiriose, 2,3,6 - and 2,3,4 tn - 

0 - methyl - I) - galactose and 2,4,6 - tn - 0 - methyl - D - mannose. 

An unusual feature of the methylation was the absence of any di 0 - 

methyl galactose residues or 2 - 0 methyl - D - galactose, which 

would be indicative of branching points within the polycaccharide 

chain. The fact that Polysaccharide II shows no branch points but 

plenty of end-groups may be due to the structure of Polyaacchanide II 

being fragile, with the branches "broken-off" during the methylatioa 

procedure, thus giving an abundance of end-groups but with an overall 

impression of only one long chain. 

As in the case of the gum from C. ohroph'1].um, no definite 

structural pattern has emerged from these degradation studies of 

C. har trnannianum gum • The main features established are: -  (1) All 

uronic acid residues are end-group, linked either 1,6 - to galactose 
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as in the case of glucuronic acid and its 4 0 methyl analcgue or, 

as is tentatively postulated, linked 1,2 to mannose in the case of 

galacturonic acid. (2) There is a substantial amount of end-group 

arabinofuranose, in addition to 1,3 - linked arabinopyranàse side 

chains linked possibly to galactose in the 4 - or 6 - position. 

Small chains of 1,5 -  linked arabinose may also be present. The 

pink spot obtained on partial acid hydrolysis of all three 

polysaccharides may (from 'its Rgal  value of-,-,0-50)  be 4 
- - 

(J-or I) - ga].actopyranosyl - L - arabinose, but this requires to be 

confirmed by a large-scale 0.5N - hydrolysis of any of the fractions. 

(3) Apart from the presence of 3,+,6 - tn - 0 - methyl - D - mannse 

which has been attributed to the presence of ga].acturonic acid linked 

1,2 - to inannose, the main 0 - methyl mannose component found in all 

methanolysates was 2,4,6 - tn _'O - methyl - D - mannose, which might 

possibly indicate 1,3 - linked mannose chains, possibly also linked 

i,k - to galactose. (4) There are probably 1,6 - linked galactose 

chains, a fact supported by the presence of 6. - 0 .'3- 1) - galacto-

pyranosyl - D - galactose in all the partial acid hydrolysatea. 

On the basis of these findings and postulations 'a possible 

structure for C. hartinannianuin gum involves a backbone or main chain 

of 1,6 - linked galactose residues with 1,3 - linked arabinopyranose 

and 1,3 - linked mannopyranose side chain s linked to the main 

galactose chains at the 4 - position. Certain galactose aide chains 

would be terminated by glucuronic acid and most mannose side chains 

would be terminated by galacturonic acid. 

A possible structural fragment is shown in figure V.B,6. It must 

be emphasised that this is only a tentative structure; the time 
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available did not allow the work involved in a rigorous study to be 

undertaken. Although much more work must be carried out before a 

structure can be postulated with confidence, the present exploratory 

investigation has served much purpose by elucidating some of the 

features and indicating that the structure involved is unusually 

complex. 

V.B.7. 	GENERAL DISCUSSION ON COMBR]UM GUM CHDIISTRY 

On the basis of the results found during - experimental investi-

gations of C. erythro1iylium and C. hartmannianum gum exudates, a 

comparison is made between them and also with C. leonense, the 

structural features of which have been studied by Aspinall and 

Bhavanandan115. The three samples differ extensively but all 

probably have a backbone of galactose residues linked 1,6 - 

because of the presence of 2,3,+ - tn - 0 - methyl - D - galactose 

in all methanolysates. The presence of 2,3 - di - 0 - methyl - D - 

galactose in the methanolysates of all three gum polysaccharides 

I.- and their degradation products arising from 1,4 1 6 - linked 

galactose residues, shows that branch points occur in the galactose 

backbone (see figure V.B,8). 1,4 - Linked galactose chains are also 

present. 

FIGURE V.B. 
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C. erythroyum and C. leonence differ markedly from 

C. hartmannianum in their aldobiuronic acids. All three gum exudates 

contain 6 - 0 - ( - D glucopyranosyluronic acid) I) galactose, 

which is the most common aldobiuroriic acid found in gum chemistry. 

They are all also thought to contain 6 0 (l+ - 0 methyl -jI 1) 

glucopyranosyluronic acid) - D - galactose, on the basis of their 

methoxyl content which dose not appear to be associated with a 

neutral sugar. The differece between the exudates involves the 

galacturonic acid-containing aldobiuronic acid. Both C. leonense 

and C. erythrophylltun contain 2 - 0 - (at- I) - galactopyranosyluronic 

acid) - L - rhamnose, whereas C. hartmannianum apparently contains 

2 - 0 - ( - D - galactopyranosyluronic acid) D - marinoes. Further-

more, the majority of the uronic acid residues are intra-chain in 

C. leonense and C. erythrophyllumo In C. hartmannianun the uronic 

acid all appears as end-group, and is removed by a single Smith 

Degradation. 

The structural significant of rhwnose in C. hartmarnianum also 

differs from that in the other two species. In C. hartmannianuin. a].]. 

rhamnose residues are terminal; in C. erytbropyllum and C.leoriense 

only a few rhamnose residues are terminal, the other rha!nrose 

residues occurring deep within the polysaccharide structure 

(figure V.B,5) or in rhamnoes side chains. 

The mode of attachment of arabinose aide chains also differs in 

the different exudates* C. leonenee contains 3 - 0 -f3 - D - - ---- 	 r - 

galactopyranosyl - L - arabinoso indicating arabiuoe (and possibly 

also arabinose side chains) attached to the main branched galactose 
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chains of the structure at the 3 position. C. erythropyllum is 

believed also to contain 3 - 0 - - D - galactopyre.nosyl - L - 

arabinose, as shown by the presence of 2, 11,6 tn - 0 methyl - D - 

galactose in the uiethanolysates, although this sugar was not present 

in sufficient amount for rigorous characterisation. Methanolysis of 

C. hartmannianum showed no 2,14,6 tri 0 - methyl - D - galactose; 

hence arabinose and arabinoce side chains cannot be joined to the 

branched galactose chains at the 3— position. Alternatively, 

arabinose may be joined to galactose at the 1 - position. 

All of the three gum exudates contained large amounts of 

peripheral arabofuranose residues. C. .Leonense contained a great de.]. 

of 3 - 0 - - L - arabinopyranosyl - L - arabinosé as did 

C. •hartmanniaxium. In C. hartmannianum moct of the arabinose residues 

are in the pyranose form as is the case in C. leonenae However in 

C. erythrphyllum the majority of. arabinose residues are in the 

furanost. form. Also C. erythrophyllum tends to differ from the other 

two exudates in that the relatively smaller amounts of 3 - 0 43 - L - 

arabinosyl - L arabinose are peripheral and removed during the early 

degradation stages as shown by the abàence of any 2,14 - or 2,5 - di - 

O -. methyl - L - arabiriose in any of the degradation products. 

All three gum exudates show the presence of 2,3 - di - 0 - 

methyl - L - arabinose on methanolysie of their methylated products 
an 

but although it was only present in small amounts in C. leonense and 

C. hartmannianum, it was the major di - 0 - methyl arabinose in 

C. cyiphy1luni. It was also present in large amounts in all the 

degradation products of C. erytrophylum although it was removed 
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easily by degradation of the other two exudates. And so whereas 

C. leonense and C. hartmannianum have 1,3 linked arabinobiose side 

chains, C. erythrphyllum is expected to contain 1,5 - linked arabinose 

side chains. One interesting point is that arabinose residues linked 

at the I - and 5 positions should be easily susceptible to periodate.-

oxidation. The fact that they persist through the Smith degradations 

indicates that they must be protected in some way, and this may be 

a steric effect. 

C. hartmannianum was found to contain 1,3 - linked mannose side 

chains, a feature found in Gum Ghatti6. C. eryhrojyflum, which 

was not found to contain mannoae initially, was, after removal of 

all uronic acid, found to contain mannose internally in the gum 

structure. Since Aspinall and Bhavanandan did not carry out a 

Smith degradation study on C. leonense, with subsequent elimination 

of uronic acid, it is not known if this is a feature of that gum 

exudate also. 

Although rigorous structures can not be postulated for gums from 

the Combretuzn genus, this exploratory study has revealed the genetic 

complexity of the genus, indicated the complex nature of these gum' 

exudates, and established their more important structural features. 

Other Combretum species must also be studied to check the 

postulated division of Combretuin gum exudates into three sections 

(see Section V.A). Then, perhaps, a better understanding of the 

chemistry and structure of Combretum gum exudates will be possible. 

It is hoped that the present superficial study will serve to indicate 

to future workers the extent of the tank that will be involved in 

undertaking a rigorous structural investigation. 
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ANALYTICAL AND HETEROGENEITY STUDIES OF GUN EXUDATES 

FROM ACACIA WRTILIS SUBSPECIES 
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VI.1. INTRODUCTION 

Benthan classified Acacia*  heteracantha Burch., A._cpirocarpa 

Hochst., and A. tortilis Hayne as closely related species within his 

Series 4 9  Gurnmiferae, and he listed A. perrottetli Steud., 

A. fascictC.ata Guill. et Perr. non Kunth non R.Br., and A. raddiana 

Savi as synonyms of A. tortilis. Later, two varieties, var. raddiana 

and var4, pubscens A. Chev., were recognised in A. raddiana. 

Acacia tortilla is a widespread species, complicated genetically, 

and apparently divisible into a number of more or less distinct 

geographical races. In Brenan's opinion 2, the following four sub-

species can be distinguished:- A. tils (Forsk.) Hayne sap. 

tortilla; A. tortilla (Forak.) Hayne sap. aplrocarpa (Hochst0 ox A. 

Rich.) Brenan; A. tortilis (Forsk.) Hayne sap. heteracantha (Burch.) 

Brenan; and A. tortilis (Forak.) Hayne sap. raddiana (Savi) Brenan, 

which exists as two varieties: var. raddiana and var. pubescens A. 

Chev. Of these subspecies, raddip, is considered the most 

distinctive and is still regarded by some workers as a separate 

species;. asp. spirocarpa and sap. heteracantha are closely related 

morphologically, but typical sap. tortilis is rather isolated from 

the rest, both morphologically and geographically, being the only 

one found east of the Red Sea. 

Good, authenticated gum specimens from A. tortilis sap. 

heteracantha, asp4 spirocar.pa, and sap. raddiana vare pubescens 

were obtained, and their chemical composition was investigated to 

ascertain whether there were significant differences between the 

subspecies. 

Mr. J.P.M. Brenan, Deputy Director, Royal Botanic Gardens, Kew. 
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VI • 2 • ORIGIN OF SPECIMENS 

Gum from A. tortilis (Forsk.) Hayne sap. spirocarpa (Hochst. ex 

A. Rich.) Brenan was collected by Mr. A.G. Seif-el-Din, Gum Research 

Officer to the Republic of Sudan, in March 1964; this sap. is 

abundant in hard soils in the region 13045 1 N. _30020 1 E. Gum from 

A. tortilla (Forsk.) Hayne sap. raddiana (Savi) Brenan var. pubescens  

A. Chev. was collected as follows: specimen I was obtained in April 

1973 in the region 130 +5'N, 30020'E, where this asp, is abundant on 

loose sandy soils; specimen II was obtained in March 1970  from the main 

trunk (normally it is the upper branches that are tapped) of a tree 

at Urn Badi, N. Kordofan. (Botanical Vouchers for specimens of gum 

from A. tortili$ sap. spirocarDa and A. tortilla asp. raddiana var. 

pubescens have been authenticated by Mr. J.P.M. Brenan.) 

Gum from A. tortilis (Forak.) Hayne sop. heteracantha (Burch.) 

Brenan was collected as follows: specimen I was collected at 

Salisbury, Rhodesia on 28 February 1971  (botanical voucher Kelly 

79 in SRGH); specimens II and III (botanical vouchers G. Pope 426 

and 427 in sRGH) were collected in May 1971  at Botswana, near 

RakOp8, Rhodesia (240
30 1 E, 21 04 1 S) and sent by Mr. Th. Muller, 

Curator, Botanical Gardens, Salisbury. 

VI. 3. PURIFICATION OF SAMPLES 

All of the.apecimens dissolved in cold water overnight to give 

clear, colourless solutions (sap. spirocarpa, asp. heteracantha .  

specimens I and II) or clear, pale yellow solutions (sap. raddiana 

var. pubescena specimens I and II, asp. heteracantha specimen III). 
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The three specimens of asp. heteracantha all gave a very slight jelly-

type residue which was readily dispersed with alkaline borohydride 3 . 

The solutions were filtered through muslin to remove insoluble 

debris, through No. +1 then No. 42 filter papers, and dialysed 

against running tap water for 2 days (1+  days in the case of the 

borohydride treated samples), after which time the solutions were 

freeze-dried. Reasonably high yields of the freeze-dried products 

were obtained in all cases. 

VIA, RESULTS AND DISCUSSION 

Hydrolysis with IN-sulphuric acid for 7.5 - hours followed by 

chromatography in solvents (b) and (a) showed large amounts of 

arabinose in addition to galactose and small amounts of rhamnoce. 

Chromatography in solvent (c) showed the presence of four spots 

corresponding to the four aldobiuronic acids: 6 - 0 - 	- 1) - 

glucopyianosyluronic acid) - - galactose, Rgal 0.26, k - - 

(L- D - gucopyranosyluroniC acid) - D - galactose, Rgal 0.36, 

6 - 0 - (k - 9 - methyl -P - - glucopyranosyluronic acid) - 

D - galactose, Rgal 0.61, 'i - 0 - (k - 0 - methyl .-J-- - 

glucopyranosyluronic acid) - - galactose, Rgal 
 0.71. Also present 

in the chromatograma of the heteracantha samples were significant 

amounts of k - 0 - methyl glucuronic acid [ Rgal 1.92 solvent (e); 

orange/pink spot J, which is unusual in a IN - hydrolysate. 
Hydrolysis with 2I - sulphuric acid is normally required to break 

uronosyl linkages • However this is similar to the results found 

during analytical studies of Acacia species from the Series 19 
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Phyllodineae (see Section III). 

The identification of four a].dobiuronic acids is consistent 

with the results found for other, species of the Gummiferae eg:- 

A. arabica1 , A. drepanolobium5  and A. seyal6.  Subspecies apirocarpa 

and asp. raddiana var. pubeecens have 6 - 0 - 	D - glucopyranosyl- 

uronic acid) - - galactose as their major acidic component with the 

other compthients present in much smaller amounts. However sap. 

heteracantha shows that the k - 0 methyl - aldobiuronic acids are the 

major components with the two of them present in roughly equal amounts 

and 6 - - 	- - 
glucopyranosyluronic acid) - D - galactose being 

the major of the other two components. 

The analytical data for the six specimens studied are shown in 

Table VI,A. When all the analytical parameters are taken into 

account, there is little doubt that the three subspecies examined 

each give a gum exudate that is analytically distinguishable from 

the others, and from all other Acacia exudates examined to date. 

The overall impression is that asp. raddiana var. pubescens is 

intermediate between sap. spirocarpa and sap. heteracantha,. but on 

the basis of their closely similar viscosities, molecular weights, 

methoxyl contents and sugar ratios, sap. raddiana appears to be 

closer chemically to asp. ppirocarpa than to sap. heteracantha, in 

contrast to the morphological relationship between the latter two. 

Subspecies raddiana is certainly not an entirely distinct species. 

The gum from sap, heteracantha proved to be the most 

interesting of the three subspecies analytically. It gave clear, 

colourless or pale yellow solutions, and displayed properties that 
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TABLE 

ANALYTICAL DATA. MR PURIFIED GUN 
POLYSACCHARIDES FROM ACACIA TORTILIS SUBSPECIES 

& S  

41 
cdl > (01  

. 
01 
Cl 

• 
P Cd 

l 
01 

0 

Cd 

W 10 a to C) 

• d 
Cd P1 

4.) 
C) 

P4 14.  

to I •.  II I II 	III 

Moisture (%) 
Ash (%)a 	- 

Nitrogen (%)8. 

Hence proteii (%) (N x 6.25) 
Methoxyl (%): 

in water, (degrees)b  

in 7M urea, (degrees)b 

Intrinsic viscosity (mg) 
Molecular weight PW x 10 ) 
Equivalent weight b 
Hence uronic anhydride (%) 

Sugar composition after holysis:- 

k - 0 - Methyiglucuronic acid d. 
Glucuronic acid 
Galactose 
Arabinose 
Rhamnose 

9.9 10.3 9.6 9.9 11.8 10.7 
1.6 1.9 1.3 1.5 2.0 1.7 
o.46 0.96 1.22 .1.51 1.49 1.5 
2.9 6.0 7.6 . 9.4 9.3 .9.4 
0.58 0.61 0.66 0.96 0.97 100 
+74 +88 +87 +97 +79 +8 

+78 +93 +92 +99 +82  +9 

9.8 9.3 11.2 22.5 16.9 19.4 
25 50 51 210 220 IkO 
1590 2040 1940  24kO 1730 2100 
11.1 8.6 9.1 7.2 10.1 8.7 

3.5 3.7 11.0 5.8 5.8 6.11 
7.6 4.9 5.1 IJ+ 11.3 2.3 
39 36 37 21 24 24 
113 49 46 68 62 64 
7 6 8 •lf 3 3 

Footnotes 

a Corrected for moisture content. 

b Corrected for moisture and protein content. 
C If all acidity arises from uronic acids. 

d If all inethoxyl groups located in this acid. 
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would make it of considerable potential commercial interest. It has 

the highest ratio of arabinose to galactose recorded so far, the 

previous highest being from A. nubica7 ; a high methoxyl content, 

surpassed only by A. nilotica8, A. parramattensis9  and A. giraffae8 ; 

a nitrogen content as high as that previously reported for any Acacia, 

ie:- A. parramattensis9 ; a molecular weight, which is almost as high 

as that recorded previously, ie:- A. arabica 
10  2.3 x 10 s and an 

intrinsic viscosity, which, for specimen III, equals the highest 

values previously recorded for A. laeta and A. parraniattensis 9 . 

With such a high protoin content, and the presence of more than 

one component (see later), it appeared that contributions to the 

optical rotation in water from tertiary structures were possible. 

Rotations in 7M urea were therefore determined, but the values 

were only slightly different and always more positive than in water 

as was found in a previous study 	see Section III 

VI.5. HETEROGENEITY STUDIES 

With  view to proceeding to a detailed structural study of the 

gum from A.tortilis sep. heteracantha specimen I, crude gum (68 g) 

was dissolved in distilled water (. 1) giving a viscous, clear 

solution, which was purified as described previously and obtained 

as the freeze-dried product (51 g; 75% yield). The normal tests for 

homogeneity were carried out to determine whether the gum from 

A. tortilis sep. 	racantha was heteropolyniolecular and ai1 agous 

to A. campylacantha13 9  A. la 
1 1 and A. seng 14  gums. Interesting 

results were found; these-prompted the examination of the other 
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specimens of the subspecies and also of the other subspecies 

themselves. 

Ion exchange chromatography on a DEAE - cellulose column 

(46 x 1.3 cm), using a sodium chloride gradient(0.0 - 0.5M in 

0.02M - acetate buffer), produced one rather diffuse-looking peak 

and not a sharp syrimetric peak as found for Anacardium occideritale 

(section IV) and Combretum erythrophyllum (section v). The peak 

"tailed-off" rather noticeably giving the impression of there 

possibly being a shoulder (see Figure VI.A). 

Zone electrophoresis of the polysaccharide was carried out on 

strips of cellulose acetate on both 0.IM - ammonium carbonate 

buffer (pH 89) and O.IM - acetate buffer (pH 1+.7) and, whereas 

single bands were obtained with the Combretum and Anacardium samples 

run at the same time, two distinct thin bands were observed, the 

less dense band running faster. Similar results were obtained by 

thin-layer electrophoresis on Phoroslides in O.IM - ammonium 

carbonate buffer (pH 8.9) and 0.05M - borate buffer (p11 9.2) at 

200 volts for 10 minutes (see Figure VI.B). Thin-layer electro-

phoresis of the polysaccharide dyed with Procion Brilliant Red 

M-2B dye could not be carried out as the dyed polysaccharide was 

insoluble' after freeze-drying. 

An ultracentrifuge run was carried out at 1+4,000 rpm on a 

solution of polysaccharide in 0.5M - sodium chloride; two distinct 

peaks were observed (see Figure vI.c). Molecular sieve chromato-

graphy of the polysaccharide showed a single peak at the void volume 

on both Bio-gel A-5m and A-15in columns, however on a Bio-gel A-150m 

column, a couiplex'two-peak system was observed (see Figure VI.D). 
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FIGURE VI. 

ION EXCHANGE CHROMATOGRAPHY ON D.EA.E. - 
CELLULOSE OF SAMPLES OF 

A. TORTILIS SSP. HETERACANTHA 
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FIGURE VI 2B. 

THIN LAYER ELECTROPHORLSIS OF A. TORTILIS SSP. HETERACANTHA 
ON PHOROSLIDES 

I 	-- --- origin 	 I----- 

II 

Specimens I and III 	 Specimen II 
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FIGURE VIC. 

ULTRACENTRIFUGE RUNS OF A. TOPTILIS SAMPLES AT 44,000 r.p.m. 

(PHOTOGRAPHS. TAKEN AT & MINUTE INTERVALS) 

aBp. Spirocarpa and Sep. Raddiana var.Pubescens Specimen I 

sap. Raddiana var.,Pubescens Specimen II 

HHHHH 
asp. Heteracantha Specimen I 

asp. Heteracantha Specimen II 

asp. Heteracantha Specimen III 
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FIGURE VI,D. 

MOLECULAR SIEVE CHROMATOGRAPHY OF A. TORTILIS SAMPLES 
ON A BlO-GEL A-150M 	UMN 

88p. Heteracantha 
Specimen I (New Sample) 

sep. Spirocarpa 
and sap. Raddiana var.Pubescens 

16 20 30 ko 50 60 

ssp. Heteracantha 
Specimen II 

10  

sap. Heteracantha 
Specimen I (Old Sample) and Specimen III 

10 20 30 40. 50 60 

elution volume 
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Because of the above findings, homogeneity tests were carried 

out on the other A. hetercantha specimens to see if this heterogeneity 

was shown by all A. heteracantha samples. Also certain tests were 

carried out on the other subspecies as a comparison. 

Zone and thin-layer electrophoresis of the three A. heteracantha 

subspecies showed that specimens I and III gave two distinct bands, 

ac for the large-scale sample. However, specimen II gave one broad 

band covering the same area as the two bands of the other specimens 

(see FjurtVI.B). 

Ultracentrifuge runs confirmed two-peak systems for all three 

samples from A..heteracantha and for asp. raddiana var. pescens 

specimen I (see Figure VI-C). However the polysaccharides from asp. 

spirocarpa and sap. raddiana var. pubescerie specimen II showed only 

one ultracentrifuge peak. 

Molecular sieve chromatography on a Blo-gel A-150m column showed 

one ehap symmetric peak for asp. 	ocarp and for the two asp. 

raddiana samples. However, asp. heteracantha specimen I (old sample) 

showed only one peak. The peak was not sharp and was not symmetric. 

A similar one-peak system was found for the other two heteracantha,  

specimens (see Figure. VI.D). The molecular weight, Mw, of the new 

specimen  was found to be -k x 10
6, which is double the value 

found for the previous, larger-scale preparation. Possibly some 

sub-sampling effect of the non-homogeneous nodular fragments could 

have occurred, or degradation inadvertantly taken place. 

A. tortilla sap. beterac.antha therefore shows the clearest 

evidence to date for the presence of a heterogeneous system in an 



176. 

Acacia gum exudate. Clearly, careful attempts to achieve fractiona-

tion or the elimination of some impurity will be an essential pre-

requisite to structural studies. 

It would be desirable to study further specimens to ascertain 

whether the extent of the differences between the three specimens 

studied here are typical of a genetically complex species. Also 

It would be of extreme interest to examine gum specimens from sap. 

tortilis and aspo raddiana var. raddiana; efforts to secure 

specimens have been initiated. 
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APPENDIX  

AN OPTICAL ROTATION STUDY OF MIXTURES OF ACACIA SENEGAL 
AND ACACIA SEYAL GUM EXUDATES 
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Small amounts of A. senegal and A. seyal gum were purified in 

the normal way and obtained.aa freeze-dried products. Moisture con-

tents were determined for both samples and their specific rotations 

calculated on a polarimeter. A. senegal had an 	value of 

_30.20 which was as expected for a good commercial grade of the gum. 

A. seyal had [GL. +29.70. Taking moisture contents into account, 
IV 

weights of each gum were taken so as to give a 1% solution of a gum 

mixture containing 95% A. senegal, 5% A. seyal. 1% SOlutions of 

other percentage mixtures were made and the optical rotations of all 

the solutions measured:- 

Senegal % S eyal 
(degrees) 

100 - -30.2 
95 5 -27.k 
90 . 	 10 -24.5 
85. 15. -21.3 
80 20 -17.9 
75 25 -150 
70 30 -12.0 
65. 35 -8.8 
60 40 -5.9 
55 45 
50 50 -0.3 
,45 55 +2.5. 
40 60 +6.2 
35 65 +8.6 
30 70 +12.0 
25 75 +14.8 
20 80 +17.8 
15 85 +21.2 
10 90 +23.6 
.5 	. 95 	. +26.7 
- 	 . 100 +29.7 

A graph of 	against percentage shows a straight-line 

correlation, indicating that the FCL value of a mixture can be 

used to give an approximate value for the percentage of each 

component present. 

V 
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