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ABSTRACT 

Starch suspensions have been treated with dilute, aqueous bromme at 30” m 
the pH range 6-8, no adsorption of oxidant occurred The oxldatlon kmetlcs were 
first-order m bromme and m accordance with the rate law -d bromme]/dt = 
k [starch] [bromme], except for a mmor, m&al rapld-phase m the oxldatlon of cereal 
starches, w&h IS attributed to an enhanced reactlvlty of the granule surface The 

apparent first-order rate-constants were 2 O-2 8 x 10m3 mm-‘, except for retrograded 
amylose oxldlsed at pH 8 when the vaIue was 5 6 x 10-j mm-’ The I r spectra of the 
products Indicated the presence of carboxylate and aldehyde groups The functional 
group contents were determmed quantltatlvely Oxldatlon of the amylose at pH 6-7 
introduced carbonyl groups, whereas at pH 8 carbonyl and carboxylate were found In 

equal amounts For waxy-maize starch oxldlsed at pH 6-8, the carbonyl content was 

twice that of carboxylate Acid hydrolysis of the product obtamed by oxldatlon of 
amylose proceeded at pH 8 according to first-order kmetics Chromatographc ana- 
lysls of the amomc components of the hydrolysate mdlcated the presence of D- 
glucurono-6,3-lactone, D-glucomc acid, and an umdentlfied acldlc ketose 

INTRODUCTION 

The mdustnal utlhty of hypochlonte-oxldlsed starch has engendered Interest 
m the action of bromine on starch The oxidation of solutions of amylopectn? and 
of native-starch granules3 proceeds most rapidly m a mildly alkaline medium and IS 
much faster than the reaction with hypochlorlte The heterogeneous reaction has3 an 
activation energy of 10-22 kcal/mole After hydrolysmg bromme-oxldlsed starch, 
Farley and Huron4 Isolated D-glucuromc acid Doane and Whistler’, however, dtd 
not detect this product but showed that oxldatlon mvolves sclsslon between C-2 
and C-3 with the formatlon of glyoxylate and D-erythronate residues In an acldlc 
medium, starch granules adsorb bromme’ and undergo hydroIys& and oxldatlon’. 
At pH 3, amylose m solution complexes with bromine and IS preclpltated by Br;, 

*For Part II, see Ref 13, a prehmmary commumcatlon was presented at the 39th Meetmg of the 
Israel Chermcal Society, Jeursalem, 1969l 
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110 oxrdatron was observed5 The present report deals with the heterogeneous reactron 
of starches wrth aqueous bromme at pH 6-8, condrtrons that have been proposed’ 
for desrzmg cotton 

RESULTS AND DISCUSSION 

An rmtial bromme concentratron of 2 5m~ was routmely taken, and, under the 
condmons mamtamed (temperature 30” and pH 6, 7, or 8), the mole fractron of the 
HBrO specres exceeds 0 7 throughout the course of the reactron, reachmg 0 95 at 
pH 7 The remamder of the bromme IS ma&y Br, at pH 6 and BrO- at pH 8, whereas 
equal amounts of these two specres are present at pH 7 

No oxxdant was adsorbed from bromme water by the amylose or by waxy-marze 
and wheat starches at pH values between 6 and 8 At pH 3, however, granular starches 
and drssolved amylose do complex bromme’ The mitral mole fractrons for the Br; 

Time (mln) 

FIN 1. Oxldatxon of amylopectm mth aqueous bromme at pH 8 Curve 1, solution Curve 2, 
suspension. Curve 3, suspension, after pretreatment with water at pH 8 for 1 h, followed by centn- 
fugatlon Curve 4, suspension after pretreatment with water at pH 8 for 3 h and duect ad&bon of 
bromme 
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and Br, species, respecbvely, were 0 63 and 0 37 at pH 3, and 0 0049 and 0 14 at pH 6. 
TAX mdlcates that granular starch may complex bromme as Br, at pH 3, as has 
been proved’ for the preczpztatzotz of amylose from aqueous solution by bromme 

TABLE I 

OXIDATION OF STARCHES AT pH 8” 

Substrate Kmetrc data 

Orrgnz Form Anzylopectzn 
content (%) 

Potato 
Potato 
Maize 
Wheat 
Maize 

Retrograded amylose 0 
Natwe granules 80 
Natwe granules 45 
Native granules 80 
Natwe granules 100 

k; x IO3 
(mm-‘) 

Rapid-phase 
consrimptron (mmole/l) 

565 1076* 0 
2 83 0 
2 81 0 33 
2 83 037 
2 49 *o 19’ 048 

5tarch (5 4 g/l) oxl&sed wth aqueous bromme (2 5mhi) bLeast-squares treatment of all expenmental 
pomts from three runs ‘=Maxlmum devlatlon from average of three runs 

The oxldatlon of native granules of waxy-maize starch has an nntlaI, fast phase 
durmg which 25% of the oxidant IS consumed, and thereafter the reactlon proceeds 
m accordance with apparent first-order kmetlcs (Fig 1, curve 2) This alphasrc 
behavlour IS also exhlblted by wheat and Amylon starches, and the three reactlon 
rates are sumlar (Table I) The cereal starches conformmg to &IS kmetlc pattern 
contam 45100% of amylopectm Both native potato-starch (80% of amylopectm) 
and retrograded amylose particles, however, conform to apparent first-order kmetlcs 
from the commencement of the oxldatlon Therefore, the rapid, mltlal phase charac- 
ten&c of the cereal starches IS not due to the branched molecular structure of the 
amylopectm component The enhanced reactlon rate for amylose, as compared with 
the granular starches (Table l), occurs only at the hgher pH values (Table II), and It 
IS probably due to dflerences m supramolecular order Waxy-maze and wheat 
granuIes do not swell as a result of bromme oxldatlon3 Vanatlons m particle struc- 
ture and compactness will affect swelhng and complex formatron m alkah, so that 
amylose etiblts enhanced reactlvlty at pH 7-8 

The oxldatlon rate of waxy-maize starch at pH 8 varies with altered reactant 
concentrations (Table Ill), m accordance with a second-order emplncal rate-law 

-d [bromme]/dt = k, [starch] promme] = ki j&omme] 

Oxidant consumption during the mtlal, fast phase IS independent of pH 
(Table II) but IS dlrect!y proportlonal to lmtlal reactant concentrations (Table III) 
When waxy-maize starch was pre-Incubated for 3 h (routme reaction time) at pH 8 
before addltlon of the bromme, the dlphaslc mode of oxidant consumption was 
retamed (Fig 1, curve 4) and IS therefore not a result of imtial hydration or swelhng 
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TABLE II 

EFFECT OF pH ON OXIDATION KINETICS= 

PW Potato amylos@ Waxy-marze starchc 

k; x 103 Raprd-phase k,‘xi03 Raprd-phase 

(mm- ‘) consumptron (mmole/l) (mm- ‘) consumptron (mmoie/l> 

6 216 fO14 0 195 f030 048 f003 
7 4 53 f0 17 0 2 18 *02od 0 47 -co 03d 
8 565 1076 0 249 rto 19d 048 *003d 

“Starch (5 4 g/l) oxtdrsed wrth aqueous bromme (2 5mM) (expenments m tnphcate) *Least-squares 
treatment of all expenmental points =Data wrth maxrmum devratron from average of all runs 
dDupllcate results 

TABLE III 

OXIDATIONS OF WAXY-MAlZE STARCH AT pH 8 

No of Starch Imtlai oxrdant k: x lo3 Raprd-phase 
experrments concentration concentration (mm- I). consunlptron 

(g/O klM) (nlmoIeJl)a 

2 2 75 2 53-2 67 109 f003 027 f006 

3 540 2 45-2 72 2 49 f0 19 048 fO03 
1 10 8 2 41 625 094 
2 540 5 38-5 47 3 03 f0 18 100 f003 
1 5 496 2 12 2 I8 062 
2 5 31= 2 56-2 57 426 1022 0 45 
2 540d 2 54-2 57 131 *lo 0 

#Data wrth maxtmum devratron from average of all runs *Pretreatment with water for 3 h =Pre- 
treatment wrth water for 1 h and centnfugatron before addttton of bromme dDrssolved amylopectm 

of the substrate An rmtral, raprd phase was also observed when oxrdatron was com- 
menced after pre-mcubatron of the starch for 1 h (raprd-phase trme), centnfugatron 
from the aqueous medium, and washmg with water (Frg 1, curve 3) This result 
ehmmates the possrbrhty that a starch fractron, e g of low molecular werght, IS 
dissolved and raprdly oxrdrsed m solutron Drssolved waxy-maize starch consumes 
bromine m accordance wrth first-order kmetrcs from the commencement of the 
reaction, and the rate IS enhanced five-fold (Fig 1, curve 1) The reduced reactrvny of 
starch m heterogeneous, as agamst homogeneous, systems is due largely to severe 
mtermoiecular hydrogen-bondmg that restrrcts molecular freedom’ In some instances, 
however, molecuIar chams on the granule surface may be partrally free of these 
constramts and sufficrently hydrated to approach the reactrvrty of drssolved mole- 
cules Accordmgly, the tit-order plot of cereal starch oxrdatron may be resolved 
into an rmtlal phase due to homogeneous-hke klnetrcs supenmposed on the maJor 
heterogeneous reactron The partrcular oxrdant-substrate ratxos used wrlI be cntrcal 
m reveahng tis phenomenon 
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The I r spectra of unoxldlsed amylose and amylopectm (waxy-maize starch) 
behveen 1600 and 1800 cm-’ showed absorption only at 1640-165Ocn1-~ (H,O) 
After oxldatlon of amylose at pH 8, bands at 1625 (RCO,-) and 1730 cm-’ (C=O) 
were also observed, the latter bemg an aldehyde function since it largely dlsappeared 
foliowmg treatment9 with blsulplute (cf the absorption of dlaldehyde starchlOS1l 
and cellulose12 at 1730-1736 cm-‘) HItherto, aldehyde groups have not been reported 
m bromine-oxldlsed starch and Its homologues They may be located at C-6 where a 
carboxyhc function IS found4 after severe oxldatlon After reduction of pH 8-oxldlsed 
amylose with borohydnde, only an Hz0 band at 1640 cm-’ was found, but It masked 
a RCO; absorption since a RCO,H shoulder at 1740 cm-’ was found after treatment 
with acid The ox&sed amylopectms absorbed weakly for GO at 1740 cm-’ The 
RCO; band was at 1595 and 1610 cm-’ for the amylopectms oxldlsed at pH 7 and 8, 
respectively, the former value bemg due to stronger hydrogen-bondmg Treatment 
with acid replaced these bands by RCOzH absorption at 1730 cm-’ 

TABLE IV 

FUNCTIOhAL GROUPS IN OXIDISED= AMYLOSE 

PH Oxidant consumptron Carboxyl content Carbonyl content 

Amylose batch No I 
Untreated 0 
6 46 1 
6 461 
6 41 0 
7 461 
7 38 9 
7 40 0 
8 47 6 
8 4s 8 
8 47 6 
8 71 4b 

Amylose batch No 2 
Untreated 0 
Untreated after borohydnde reduction 
S 62 5 
8 after borohydnde reduction 

100 100 
12 6 33 3 
13 0 408 
10 7 34 5 
1s 1 35 7 

10 6 32 2 
106 30 3 
22 7 244 
23 0 22 7 
202 23 0 
217 39 1 

<04 110 
- 65 
19 6 34 5 
- 72 

aOxldatxons performed at 30” with starch (5 4 g/l) and 2 5mM bromme (13 3 D-glucose residues/mole 
of oxidant) ResuIts expressed m meqmv ‘per 162 g of starch lmtlal oxidant concentration, 5 OHM 

Quantltatlve determmatlons of the functlonal groups (Tabie IV) rekealed that 
the unoxldlsed amyloses possess one C=O group/100 D-glucose residues, the d p n 
bemg’ 3 ~1000 After reductxon wGh borohydnde, the C=O content was halved, 
mdlcatmg that the high values are not au artlfact Oxldatlon of amylose at pH 6-7 
Introduced mamly C=O groups, whereas both C=O and RCOIH were formed m 
sumlar amounts at pH 8 and to the same total functional-group level as at lower pH 
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An increased oxidant consumption at pH 8 enhanced the GO content The oxldatlon 
pattern for amylopectm (Table V) was less vanable wth pH The C=O content was 
turlce that of RC02H, and, as with amylose, less GO was formed at pH 8 than at 
lower alkahmty At an increased amylopectm concentration, the functIonal group 
contents were proportionately lower, mdlcatmg that the reactlvlty of oxldxsable sites 
IS slrmlar These oxldlsed starches have13 d p n values of 300400, so that most of the 
functional groups m oxldlsed amylose are not located at cham tenm 

TABLE V . 

FUNCTIONAL GROUPS IN OXIDISEDO AMYLOPECTIN 

Pff Oxuiant consumpt;on Girboxyl content Carbonyl content 

6 
6 
7 
7 
8 
8 
8’ 

357 20 27 8 
370 12 256 
40 11 6 264 
43 5 110 27 1 
442 11 3 19 6 
39 1 12 5 20 
20 76 14 1 
214 72 14 3 
21 7 68 14 3 

OOxtdatlons and umts as m Table ZV Untreated matenal and control samples at each pH vaIue had 
carboxyl and carbonyl contents of t0 4 mmole/l62 g of starch %tarch concentration, 11 g/l 

TABLE VI 

SULPHURIC ACID HYDROLYSIS 

Substrate Actd Bath k1 x lo3 Max product measured 
concentratron concentratron temperatare (mm- l)b 
(mglmW (M) (degrees) Tune Concentratton Hydrolysrs 

(mm) (mg/mZY ended 

D-Glucose 

19 7 

AmyZose 
180 

Oxyamylose 
87 1 
43 6 
174 
17 4 
174 
174 
174 
17 7 

05 

05 98 - 145 11 3 YeS 

0 25 91-93 2 37 176 30 3 
05 95 *05 3 79 231 27 8 
05 95 f05 3 84 285 139 
05 98 - 330 13 9 
05 1 OZd 3 35 397 149 
10 102s 3 31 413 16 2 
15 102” 6 87 261 16 1 
29 102” - t83 17 0 

102= - 0 19 7 - 
130 19 6 - 
190 200 - 

No 
No 
No 
YeS 
No 
No 

“Refluxmg solution *Calculation from graph of log (C-X) against tune =By weight dReduclng 
substances m terms of D-glucose residues 
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Prehmmary to analysmg the hydrolysis products of the mrldly oxrdrsed starch, 
It was shown that the use of Amberhte IRF+Wl(HCO~) resin permitted the quanti- 
tative removal of D-glucurono-6,3-lactone from solutron and the recovery (50%) of 
D-glucuromc acid and Its lactone after treatment for 2 h with boiling 0 5~ sulphunc 
acid with a SO-fold excess of D-glucose 

Expenments with amylose oxrdised at pH 8 (Table VI, concentration, 17 4 mg/ 
ml) revealed that hydrolysis was mcomplete m Cl 5~ acid Hydrolysis of unoxidised 
amylose at the lower acid concentration also left a sohd residue (34%), the properties 
of which (Table VII) Indicated considerable degradation. The pseudo-first-order rate 
constants (k; m Table VI) indicated that hydrolysis was approximately tit order 
with respect to oxuhsed amylose The value of k; was unaltered on increasing the 
acidity from M to 2~, but it doubled m 3M acid, considerable binding of acid to 
starch14 m the more-dilute media may cause a decrease m hydrogen-ion actlvrty 

TABLE VII 

PROPERTIES OF ACID-TREATED AhWLOSE 

Insoluble Untreated 
res.due amylose 

Viscosity m M KOH [q] (dl/g) 045 140 
k 2 53 0 35 

Visible spectrum of Iodine complex 3,,, (nm) 580 660 
transmittance 0 81 040 

Infrared spectrum (Nu~ol mull) Identical 

The amomc components of a hydrolysate of amylose oxidised at pH 8 were 
exammed cbromatograpIucally The maJor component was charactensed as an 
acidic ketose and an a-drcarbonyl compound It was not detected after D-glucuromc 
acid had been boiled 111 1 5&f sulphuric acid (cf Ref 15) A ketone function at C-2 
or C-3 has been postulated’ in the intermediate leading to oxrdatlve scission of the 
C-2-C-3 bond, and its mcorporatlon mto an enohc dlcarbonyl structure may account 
for the acidic property Smaller amounts of D-glucoxuc acrd and D-glucurono-6,3- 
lactone were also mdrcated No glyoxyhc acid or erythronolactone was detected 

The presence of D-glucurono-6,3-la&one was expected from the actron of 
aqueous bromine on starch granules4, a-D-glucosldes’6, and D-~IUCOIUC acid” 
Vrgorous bromine oxrdation of dissolved amylopectm, however, yields glyoxylate 
and erythronate, but no D-glucuronate’. In a B-amylose helix with 4 D-glucose residues 
per turn, the hydroxyl groups are orrentated away from the hehx axrs and will be 
mvolved m mtermolecular hydrogen-bondmg l8 Thrs may render HO-6 more reactrve 
towards bromme than HO-2 and HO-3 Such a situation would account for uronate 
formation durmg heterogeneous oxidation, m contrast to the relatively enhanced 
reactlvrty at HO-2 and HO-3 of amylopectm m aqueous solutron 
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EXPERIMENTAL 

Potato starch and retrograded amylose were products of AVEBE, Holland 
The specuicatrons of the amyIoselg were as follows2* ash t0 5% (MgSO,), 
phosphorus t0 001% , protem (0 1% , lipids t0 1% , rodme-bmdmg capacrty 
18 5-19 5%) partrcle srze 5-15 pm The mtrmsrc vrscosrty m M potassmm hydroxrde 
was 139 ml/g The waxy-maize and wheat starches used have been described prevrous- 
Iyzl The high-amylose maize starch was Natronal Starch and Chemrcal Corporatron 
Amylon with an rodme-bmdmg capacrty of 11% and a protein content of - 0 5% 
(reported by the supplier) The bromme stock solutron (-0 IM, pH 3 8) was stored 
m a brown-glass bottle at 2” Trtratrons, before use, with throsulphate and with 
arsemte-iodine gave Identical results, showing the absence of bromate Water was 
glass-drstrlled from potassium permanganate Automatrc control of pH was achieved 
by addrtron of M sodium hydroxrde with a Radiometer Tltrator Type TIT lb Reac- 
tron vessels were thermostatted m the dark m a water bath mamtamed at 30 +O 5” 

Adsorptzon deternrznatzon - The trtnmetrrc method described previously5 
was used, except that potassmm bromrde and phosphate buffer were omrtted The 
mixture contained bromine (2 5mM) and starch (34mM with reference to D-glucose 
residues) and was stmred magnettcally Arsemte trtratlon was used 

No adsorptron occurred at pH values of 6, 7, or 8, so that changes m oxidant 
trtre during the reactron are due entirely to oxrdant consumptron 

Oxzdatzon procedzzre - Water (-750 ml) and bromme stock solutron (25 ml, 
-2 5 mmoIes) were introduced mto a I-htre round-bottom flask equipped with a 
mechanical glass-strrrer and wrth a Radrometer combmed gIass-caIome1 electrode 
and delivery tube for automatic add&on of alkah The pH was adJusted, and IO-ml 
ahquots were trtrated against throsulphate and arsemte (0 02~ standard solutrons), 
grvmg results ldentrcal to the value calculated from the volume of stock solutron taken 
Starch (5 000 g, dry basrs) was added with water to make the volume up to 925 ml, 
grvrng a starch concentration of 34m~ with reference to D-gIUCOSe residues 

Ahquots (10 ml) were trtrated directly with arsemte since gravrtatronal filtratron 
at pH 6 and 7 Ied to loss of bromine Trtratron wrth throsulphate was not possible, 
since amylose suspensrons gave a stable colour with the rodme liberated and the 
end-point was not detected However, arsenxte trtratron measures total bromine 
consumption, part of which may be due to bromate formatron Bromate was deter- 
mined on ahquots (25 ml, filtered through Whatman glass-paper) by trtratron with 
thlosuIphate and arsemte No bromate was found at pH 6 and 7, but, at pH 84 5% 
of the bromine was converted mto bromate at 50% oxrdant consumptron Oxrdattons 
lasted 3 h and were generaIIy performed m trrphcate 

Blank runs (wlthout starch) estabhshed that bromme soIuttons were stabIe 
under the condrtrons employed, except for a 3% conversron mto bromate towards 
theendof3hatpHS 

Product treatment - The suspeuslon was centtiuged lmmedlately after 50% 
oxidant consumptron, and washed with water untrl free from bromme and then twrce 
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with methanol by re-suspension and centnfugatlon The product was air-dned at 
amblent temperature Control samples of starch were prepared by aqueous treatment 
in the absence of bromme The blsulphlte-addition compound was prepared by 
shaking the oxldlsed starch (~200 mg) with saturated, aqueous sodmm hydrogen 
sulphlte (30 ml) for 18 h After filtration, the product was thoroughly washed with 
water and methanol, and then dned m a vacuum desiccator over phosphorus penta- 
oxide Borohydrlde reduction of samples was performed by magnetlcally stn-rmg 
starch (5 g, dry basis) with water (400 ml) contamm,o sodium borohydrlde (100 mg) 
for 24 h at room temperature After thorough washing with water followed by 
methanol, the material was dried m a vacuum desiccator over phosphorus penta- 
oxide 

Determrnatzon of spectra - The 1 r spectra were obtained with a Perkm- 
Elmer Model 257 spectrometer Samples were dried for 2 h at -95” m vaczzo over 
phosphorus pentaoxlde Pellets, contalmng a 2-mg sample m 200 mg of potassmm 
bromide, gave unsatisfactory spectra NUJO~ mulls were therefore used throughout 
Spectra of approximately the same intensity and background were obtained by 
varying the mull consistency. 

The viable spectrum of the Iodine complexes was obtamed as follows Starch 
(15 mg) was dissolved m M potassium hydroxide (5 ml) and the solution was made 
up to 25 ml An ahquot (5 ml) was neutrahsed with sulphunc acid (0 5~) and diluted 
to -200 ml An lodme solution (0 4 g/l m 0 l&r potassium lodlde, 2 5 ml) was added 
and the mixture was made up to 250 ml The spectrum was obtained on a Perkm-Elmer 
Model 450 spectrophotometer, using I -cm cells, agamst an iodine reference solution 

Measurement of fzznctzonal grozp contents - Carbovyl and carbonyl contents 
were determined by the copper acetate” and cyanohydrmz3 techniques, respectively 
No results are given for “control” samples of amylose, I e treated with water m the 
absence of bromine (Table IV), since the values obtamed were much lower than for 
the untreated amylose The horny nature of the treated amylose probably prevented 
reaction, so that the low values would be an artifact 

Acid lz>rdroIysz.s kmetzcs - The substrate was added to magnetically stirred 
sulphunc acid at the temperature of hydrolysis Ahquots (0 5 ml) were quenched by 
neutrahsatlon m alkah and filtered Reducmg sugar m the filtrate was determined by 
the Somogyl-Nelson techruquez4, usmg a Hdger Spekker-type colonmeter with 
No 4 filter (520 nm) Undissolved residues were separated from the acid solution by 
ccntrlfugatlon, washed with water (until free from acid) and methanol, and then 
dned m thm layers over calcium chlonde m a vacuum desiccator 

Chromatography - T 1 c was performed on 0 3-mm layers of Camag silica gel 
DF-5 or cellulose powder DF-0, and paper chromatography on Whatman No 1 
Irrlgants used (proportions by volume) were (1) 1-butanol-acetic acid-wate? 
(2 1 I), (2) acetone-water (9 l), (3) ethyl acetate-acetic acid-formic acid-waterz6 
(18 3 1 14), (4) water-acetic acld-l-butano127 (5 1 4) 

Saponzficatzon of D-gllicrrrono-6,3-lactone - D-Glucurono-6,3-lactone (~OFM, 
20 ml) was stirred with Amberhte IRA-401 (HCO;) resin (4 4 mequlv ) at ambient 
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temperature T 1 c (u-rrgant 4 on cellulose) showed a gradual disappearance of the 
lactone from solutron, but no other compound was detected After 23 h, chromato- 
graphy of an ahquot (6 ~1) revealed no matenal respondmg to the permanganate- 
penodate spray 28 Smce the mmrmum amount of lactone detectable was 7 mnoles, 
at least 97% had been saponified and absorbed by the resm 

Separation of D-glucuronate fro?n D-ghCO&? after acid treatment - A solutron 
of D-glucurono-6,3-lactone (0 5 mmole), D-glucuromc acrd (0 5 mmole), and D- 

glucose (50 mmoles) m 0 5~ sulphunc acid (100 ml) was boiled for 2 h Sulphurrc 
acrd was neutrahsed with bar-mm carbonate, and a portron (62 ml) of the filtered 
solutron was decatromsed with Amberhte JR-120(Hf) resin (1 g, 4 mequw ) to a 
constant pH of 2 1 The supernatant was concentrated and then shaken for 16 h 
with Amberhte IRA-4Ol(HCO;) resin (5 1 meqmv ) After elutron with water 
until free from sugar, the resm was swnled with acetrc acrd (0 3 ml) and a little water 
for several minutes and returned wrth the supematant to the column El&on was 
performed wrth M acetrc acid (200 ml), and the effluent was concentrated wrth added 
water several trmes T 1 e (cellulose, rmgant and detection as above) enabled a semr- 
quantrtatrve comparrson with known amounts of D-glucurono-6,Nactone and 
D-glucuromc acrd, and Indicated a 50% recovery 

Anlonrc components of a hydroiysate of amyiose oxzdlsed at pH 8 - Oxrdrsed 
amylose (10 g, dry weight) was boned m sulphunc acid (1 5M, 500 ml) for 265 mm with 
magnetrc strmng After bemg neutrahsed, concentrated, and decatromsed as above, 
the solutron was shaken with Amberhte IRA-4Ol(HCO,-) resin (17 5 meqmv) for 
44 h After elutron of reducing sugars as descrrbed above, the resm was stu-red with 
for-mm acrd (0 7 ml) for 1 h and then eluted wrth 0 IM formic acrd (400 ml) The 
effiuent was freeze-drred 

T 1 c (rmgant 1, slllca gel) of the concentrate separated an umdentfied com- 
ponent (RF 0 65) and four components of RF 0 61, 0 51, 0 43, and 0 35 that were 
assigned, respectrvely, to D-glucurono-6,3-lactone, D-glucose, maltose, and D-ghcomc 

acrd, on the basrs of a comparrson with runs using rmgants 2 and 3 and detection 
with u v rllummatron and specrfic sprays It was estabhshed that oxahc, D-glucanc, 
tartarrc, and glyoxyhc acids, and D-fructose, D-arabinose, and D-erythrose were 
absent, but the presence of D-glycenc, pyruvrc, and lactic acrds, and glyoxal was not 
detitely excluded Two-drmensronal t 1 c (srhca gel, rrrrgant 2 followed by 3, 
amlme-drphenylamine spray”) confirmed the presence of D-ghrcurono-6$lactone 
which was also revealed by hydroxylamme-femc mtrate sprays3’ The umdentrfied 
component (urrgant 1, RF 0 65) was resolved mto two spots m rmgant 3 The more- 
mobrle materral (RF 0 90) fluoresced under 350-run rllummatron and was revealed by 
amhne hydrogen phthaIate3’, wlnle the second matenaI (RF 0 84) strongly absorbed 
254run rliummatron and was revealed3r as an acrdrc ketose by Bromocresol Green at 
pH 7 9, amhne-dlphenylamme2g, amlme hydrogen phthalate31, and three ketose- 
specrfic reagents3’ ( an th rone, naphthoresorcinol-trlchloroacetrc acrd, and urea- 
hydrochlonc acid) 

Paper chromatography with rmgant 3 pernutted a good separation of marker 
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erythronolactone from glucurono-6,3-lactone and glucono-1,5-lactone, but erythrono- 
Iactone was not detected m the hydrolysate The acldlc ketose reacted with o-phenyl- 
enedlamme spray to eve a green-fluorescmg spot with 354~nm IIlummatlon, mdlcatmg 
an oc-dlcarbonyl compound 

A solutton of D-glucuromc acid (194 mg) m 1 5~ sulphunc acid (100 ml) 
was boiled for 4 5 h and worked up as described for the oxldlsed-amylose hydrolysate 
T I c (s&a geI, u-rlgant 3) revealed D-glucurono-6,3-Iactone, but no acldlc ketose 

Unoxldlsed amyIose was hydrolysed and treated as above, t 1 c revealed only 

D-gIucose 
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