
Carbohpirate Research, 67 (1978) 289-293 
0 Elsewer Sclentlfic Pubhshmg Company, Amsterdam - Prmted m Belgum 

Note 

A polarimetrlc procedure for determmmg mannuronic 
acid/guluromc acrd ratios in alginates’ 
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Food Research Irrstltrrte, Agrmdtrrrc Canudu Ottm u Onttrrro Ki.4 OC6 (Camr&) 

(Received October 14th 1977, accepted for publtcatron, Nobember 28th, 1977) 

Algnates find many apphcatlons m mdustry’ partm.JarIy In food The 

dIscovery of L-guluromc acid residues’, in addltlon to those of D-D-mannuromc acid, 

m algnates and the observation that the affinity for calcium Ions Increased m relation 
to the L-guluromc acid content of the polymer3 made the ManA/GuIA ratlo an 

Important factor m the apphcatlon of these compounds m foods There are several 

procedures for the determmatlon of ManA/GuIA ratios’-‘, followmg the charac- 
terlzatlon of brucme L-qluronate’, we now report a simple poIarImetrIc procedure 

sultable for routme use 

The difference m D]D values of the brucme salts of D-mannuromc and L- 

guluromc acid IS sufficient to prowde the basis of cl polarimetrlc method for deter- 
mmmg the cornposItIon of a mlkture Such a mlrture can be obtamed after appropriate 

acid hydrolgsls of algmates 

The most swtable conditions of h>droIys1s In*,oI\e treatment first \rlth 72% 

sulphurlc acid for 17 h at 5‘ and then \$lth 11 sulphurlc acid for 5 h at 100” This 

treatment IS nulder than that (SO”/0 sulphunc acid, IS 11, 20”, acd then XI sulphurlc 

acid, 5 h, 100”) used by Haug et nl a The solutions after hydrolysis \\eere pale green 

and not the usual reddish brown charactenstIc of degradation of uromc acids Haug 

ef a/ 1 estimated hydrolysis losses of - 35%, wth an ad&tIonaI 15% loss on columns 

dunng Ion-exchange separation no sqmficant, selectwe loss occurred durmg 

neutrahzatlon The only loss m our method IS that durmg hydrolysis Smce our values 

are conmtently hgher than those obtamed by the Haug method (Table Y), It IS 
estnnated that the hydrolysis losses were lower The relative mstablhty of mannuromc 
and guluroruc acids under the present conditions of hydrolqm needs to be estabhshed, 
but a meanmgful evaluation should aualt the avarlablhty of a cqstallme sample of 

L-guluromc acid 
The recovery of the bruclne salts ua acetone preclpltatlon Table [II) produced 

lower yields and hl,oher ManA/GuIA ratios for samples rich m mannuromc acid, and 
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lower ratios for samples nch m guluromc acid (Tablerv) Tlus result IS attnbuted to the 
preferential preclpltatlon of the brucme salt correspondmg to the maJor uranic acid 
component m the mlrture, and was confirmed by the behavlour on paper electro- 
phoresls of the deloruzed barmm salts m comparison with that of acetone-preclpltated, 
delomzed brucme and &rectly dried, delomzed brucme salts The ratios were smular 
for the barium salts and directly drred brucme salts, but there were wde vanatlons 
for sampIes prepared LICZ acetone preclpltatlon The latter procedure was therefore 
abandoned The recovery of the brucme salts by the direct-drying procedure produced 
higher yleIds of brucme salts, and ManA/GulA ratios compatible with those obtained 
by other methods (Table V) However, the presence of a dextrorotatory contammant 
such as D-glucose D-X> lose, or r-rhamnose, commonly found m algmates, would tend 
to Io\\er the mannLronlc acid content and Increase the guuluromc acid content Heace, 
It IS necessary that the samples of &mates for analysis be free of such contammants as 
far as possible 

EXPERIMENTAL 

~lfa,?rerral.s - The algmate samples Keltone and Manucol were generously 
proklded by Dr John A Zle$er (Grrffith s Laboratory, Scarborough, Ontano) A 
second Keltone sampie Leas pro\xded by Dr John Baird (Delco Company, San 
Dlego, Cahfomla) Samples of algal SS/DJ. the bacterial S35, and a homopolymerlc 
bloch poIqmer of ,ouluronlc actd (e\ manugel DJ) \\eere ,olfts from Dr C J Lawson 
(Ph~hp Lyle hIemorla1 Laboratory, Readmg, Berks , England) 

~11etlrn& - Descendmg p c was performed on Whatman No 1 paper with the 
orsamc ph,lses of rl, ethbl acetate-pyndme-water (S 2 I), and B, I-butanol-acetlc 
acid-\\ ater (1 1 5) Paper eiectrophoresls 1~ as performed on Whatman No 3x1&f paper 
tinh borate!caiclum chloride buffer’ (pH 9 2), at 800 V for 4 h DetectIon was 
elected \\ Ith a&me h)drcgen phthalate HydroIyses of aigmate samples (“5 mg) 
\\eere conducted 11 Ith 73”6 sulphurlc acid (0 4 ml) for 17 h at 5” After dllutlon to \i 
acid (5 ml), the solutions \\ere heated at 100’ until the rotation was constant (5-6 h) 
The h,drol~sntes \tere ncutralrsed (BaCO,) and filtered Algmate samples, as 1% 
aqueous solutions, \\eere punl’ied by centrifugatlon at 15,000 r p m , and the material 
m the suprmatant \\ as recok ered by freeze-drying M olsture contents were determmed 
by drymg III ~ncrto to constant weight at 56” Ash contents \\eere determmed by the 
method of Steqermarb9 Uronlc acid analyses were carried out” by decarboxylatlon 
of samples (- 10 mg) \,rth 57% HI at 145” for 1 h” Concentrations were performed 
with a rotary evaporator at 35” 

PI elrnmar~ atrail SIS of cdguzaces - Purified samples of algmates were analysed 
fol molstule ash, uroruc anhydnde specific optlcal rotation, and sugar components 
follo\%mg hydrolysis The results are summarized m Table I 

Detet tntmttotz of Matt4f GrrlA rmtos - Acrd h_ydroIysrs Aigmate samples 
(-400 mg) \lere hydroiqsed with 72% sulphunc acid (30 ml) for 17 h at 5O Each 

hydrolysate was made up to 250 ml (I e , to M acid) and then kept at 100” The [& 
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value was momtored until constant (5-6 h) The hydrolysates were neutrahsed 
(BaC03), fiItered, and concentrated to dryness A sol&on of the barmm salts m 
water was fihered through pulp and then concentrated to dryness Table II sum- 
marizes the data 

TABLE I 
PRE’LIHINARY ANALYSIS OF ALGINATE SAMPLES 

Keltane -13377 12 3 II 84 89 29 m3~or minor - - - - 

Manucol -131 6 8 73 II 97 82 9s” mdJor mmor 7 - - - 

Algal 
SS/DJ -1153 s s 77 11 36 83 02 mmor major - - L - 

Bacterd 
s35 -1009 109.5 1147 63 W maJor mmor - - - - 

Guluronlc 
block 
polymer - 141 7 4 51 II 52 sz 8.5 mmor major - - - - 

“Decarbou)latlonl“ \ilth 190/o HCl for 2 h at 145” 

TABLE II 

RESULTS OF ACID HYDROLt SIS 

Keltone 410,413 5 -46 6 1’24 269 310 
Keltone 400,400 5 -344 -IS0 734, 754 
Manucol 400, 359 5 -247 t-1 6 216 702 
Algal SS/DJ 405 6 -71 I +;I c 155 
Bacterral 535 404 400 5 -57 7 715 7 260 210 

Guluronlc block D 
polymer 403,405 5 -75 1 -270 240, IS7 

=At 100” 

Prrparatton of h mm salts - Solutions of hydrolysed algmate samples 
( - 100 mg) m water (5 ml) were stlrred with Rexyn 101 (Hf) resm and then filtered, 
and the resm was washed with water (7-10 ml) To the combmed filtrate and washmgs 
(12-I 5 ml) was added brucme (240 mg), and the solution M as heated at 100” for 20 mm 
and then cooled Excess of bruclne was removed by eltractlon with chloroform 
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(4 x 15 ml). and the aqueous solution was concentrated to 2-3 nil and &Wed wth 

acetone (25-30 vol ) The preclpltate was collected by centnfugatlon, washed with 
acetone, and drred for 2-3 h at 63” IN cacuo 

In a second senes of eupenments, the brucme salts were recovered, followmg 
extractlon with chloroform, by concentration of the aqueous phase to dryness, w&h 
several co-&stlllatlons with methanol, and final drymg of the residue for 2-3 h at 63” 
III zactlo The elemental analyses for the brucme salts prepared by ‘the two procedures 

were m excellent agreement wth the theoretlcal value The data are summarzed m 

Table III 

Optrcal rotatron data - Carefully dried samples of brucme salts [obtamed by 
acetone preclpltatlon and decolorlsatlon (Nont A, neutral, thoroughly prewashed 
nlth 50% ethanol). or by direct drymg] as 0 5--l% aqueous solutions \\ere equlh- 
brated for 90 mm, and optxal rotations were measured with a Perkm-Elmer 141 
polarrmeter (path-length 100 mm) From the specific optical rotations (+O 2”) 
(Tables IV and V), the ratios of mannuromc acid and guluromc acid were calculated 
as foIlo\\s guluronate (“4) = 5[x], of mixture + 112 5, and mannuronate (%) = 
100 - guluronate (9’0) 

TABLE III 

YIELDS OF BRIJCIbE S4LTS FOLLO\\ IXG PRECIPITATIOh WITH XCETOLE X\D DIRECT DRYI\G= 

smp It? Yield of brmrre sulr (txg) 

rlcerorre prtc~prronorr 

Keltonr ~Kelco) 60 
Keltone (Gnffith 5) 52 
Sfanucol 62 

i\lg~l SS/DJ 23 
Bactsr~al S35 31 
Guluromc bloc!-. pol>mtr 52 

“The barmm salt (100 mg) 1~~s used in each case 

TABLE IV 

OPTIC4L ROTATIOX VaLUES AXD ManA/GulA RATIOS FOR ACETOXE-PRECIPITATED SA~~PLES 

Ternp 
(degrees) 

Concentrotton VanA/GulA 

(%) ratio 

K&one (Kelco) -194 25 0 591 54 

Keltone (Griffith’s) -17 8 21 0 504 32 
Manucol -21 26 0 722 12 3 
Algal SS/DJ -7s 25 0 531 0015 
BacterIaI S35 -1777 26 0 901 31 
Guluroruc block polymer -3 5 28 0 485 005 
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TABLE V 

OPTICAL ROTATION VALUES AND ManA/GulA RATIOS FOR DIRECTLYDRIED SAhlPLEs 

Ongm of brmme salts [& (rLafer) Ternp 
(degrees) (degrees) 

Concentration 

(%) 

ManA/GalA ratio 

Presenf Ltt 
tnethod 

Keltone (Kelco) -151 28 0711 1 70 I 8-2 O”, 1 ~56~ 
Keltone (Gnffith’s) -149 28 0 885 163 - 
Manucol -1556 156 28 I 346, I 209 189,189 - 
Algal SS/DJ -94 28 0 59 0 51 0 39* 
Guluromc bIock polymer - 3 44 29 1 25 005 0 05’ 

=Determrned by the Kelco (unpubhshed) procedure *DetermIned b> the Haug procedure* <Deter- 
mined at the Phthp Lyle Memorial Laboratory 
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