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Mild oxidation of starches with aqueous bromine 

Part II. Solution viscosity of the oxidlsed starches* 
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In the course of an mvestlgatlon of the mdd actlon of aqueous bromme on 
amylose and amylopectm, the oxldatlon krnetlcs and the functIona group content of 
the oxystarches formed have been reported ’ The extent of molecular degradation 

due to the oxldatlon was studled by the method of solution vlscoslty, and the results 
are now described 

Followmg oxldatlon at pH 8, both amylose and amylopectm exhlblted a ten- 
fold decrease m mtrmslc vlscoslty [q], and a conslderable but iughly variable rise m 
slope constant k’ (Tables I and II) In the case of amylose m M potassmm hydroxide, 
[q] IS approxlmateiy a lmear function of both weight-average and number-average 
molecular weights, as shown in the Mark-Houwmk equatlons3P’, which ylelded 
values of ca 500,000 and 165,000 for H,,, and a”, respectively, of untreated amylose 
If these equations are assumed to be apphcable to the low vaIues of [q] obtamed for 

the oxyamylose (Table I), the oxldatxon causes a ten-fold degradation The mtrmslc 

vlscoslty of amylopectm IS less sensltlve to changes m molecular weight than amylose5, 
so that the oxldatlon also led to a drastic decrease m the molecular weight of amylo- 

pectm 
Carbohydrates are sensltlve to atmospherxc oxldatxon and degradation m 

alkalme medxa It was therefore necessary to consider the posslblhty that the con- 
slderable decreases m molecular weight were not directly due to bromme oxldatlon 
The carbonyl contents’ and vlscoslty data for products of control runs m the absence 

of oxidant were slmllar to those for untreated materials,, showmg that atmospheric 
oxidation and subsequent degradation were lnslgxnficant during our preparation of 

oxystarches. 
Oxystarches prepared at pH 7 had, If anythmg, a shghtly lower mtnnslc vrscaslty 

than pH 8 samples, mdlcatmg that the oxystarches do not undergo alkaline degrada- 
tion at pH 8 Furthermore, the flow-times for solutions of these oxystarches m M 

potassmm hydroxide were practically unchanged during many hours (see Table III), 
so that their stablhty IS mamtamed even m this highly alkaline medium 

*A prehmmary commumcatlon was presented at the 39th Meetmg of the Israel Chemical Society, 
Jerusalem, 1969 ’ 
**To whom enqmrles should be addressed 
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-i-ABLE I 

VISCOSITY DATA FOR OXYAMYLOSESa 

Batch Oxrdatron condrrrons Borohydrlde [rll k’ 
No treatment W/g) 

PH Oxidant consumptron (h) 
(mmolesjl62 g) 

1 Untreated matenal 

2 

8 

7 

Untreated material 

nLlb 
47 6 
47 6 

48 8 
71 4c 
IUP 
38 9 

46 I 

8 62 5 

1 29 0 34 

1 35 0 32 
147 0 32 
0 21 1 20 
0 21 0 93 

0 20 164 
0 14 2 22 
1 42 0 31 
0 16 1 13 

0 I6 0 28 
143 0 29 

1 36 0 39 
24 1 20 0 29 
24 1 20 0 58 

0 16 2 03 
0 14 3 53 

24 045 0 42 

48 045 0 42 

“Oxldatlons performed on 5 4 g of amylose with 2 5mhi bromme (1 htre), unless otherwlse specified 
bControl run m absence of oxidant COxldant 5 OHM bromme 

TABLE II 
VISCOSITY DATA FOR OXYAMYLOPECTINS= 

Oxldatron condmom 

PH 0 wdant consunlptlon 
(mmoles/162 g) 

Borohydrrde 
treatment 

(4 

hl 
Wig) 

k’ 

Untreated matenal 

8 mP 
20 
21 4= 
21 7’ 
21 7’ 
39 1 
442 

7 Nib 

40 
43 5 

43 5 

1 37 
1 22 

24 1 13 
24 1 19 

1 18 
0 24 
0 23 
021 

24 0 65 
0 17 
0 16 
1 03 

0 14 
0 14 

24 034 

0 99 
104 

0 85 
100 
1 23 
2 28 
2 97 
3 21 
1 32 
1 80 
2 35 
1 37 
2 06 
2 27 
2 37 

“Oxldatlons performed on 5 4 g of amylopectm with 2 SUM bromme (1 htre), unless otnerwise 
specified “Control runs m absence of oxidant =I 1 g of starch oxldlsed 
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TABLE III 

EFFE‘X OF STORAGE ON VISCOSITY 

Sample COtlC Storage tlmeP 
(g/d0 (h) 

Flow times (set) 

hrral Fmal 

Untreated amylopectm 
Untreated amylose 

pH 7-OxyamyIoseb 

pH 7-Oxyamyloseb 

0500 24 588 7 576 1 
0 948 24 686 5 676 0 
0 506 4 463 9 4410 

0 514 4 271 0 267 0 
0 257 35 259 5 257 9 
0 128 24 251 5 250 0 

108 24 301 2 290 6 
I 01 64 298 6 293 4 
0 27 24 257 4 257 4 

%torage m closed vessel under au at room temperature ‘Samples hsted m Table I 

Reduction of the oxystarches with sodmm borohydride results m a drop m the 

carbonyl group content as indicated’ by reaction with sodmm cyamde and by infrared 
spectroscopy After reduction with borohydrrde, the oxrdrsed starches showed a 
dramatic rrse m mtrmsic vrscowty, and the slope constant was, m general, lower and 
approachmg the value for unoxrdrsed starch The Increased [q] after treatment with 
borohydrrde could be ascribed to the presence of borate m the solution used for 
vrscosrty determmatron, smce borate IS known to complex with polyhydroxyhc com- 
pounds and to form cross-lmks This possrbrhty was mvestrgated, and the results are 
summarized m Table IV In the presence of borate, oxyamylose had only a shghtly 
enhanced mtrmsrc vrscosIty, whereas borohydrrde-reduced oxyamylose retained Its 
high mtrmsrc vrscosrty after removal of borate It was concluded that the hrgh values 
for reduced oxystarch were not an artrfact Thus rmplres that the oxystarches undergo 
raprd degradatron durmg drssolutron m hr alkali, since thereafter the mtrmsrc vrscoslty 
dtd not decrease srgnrficantly for many hours (Table III) Thus rapid degradation was 
absent after reduction of carbonyl groups Therefore, bromme-oxrdtsed starches must 
be suitably reduced before measurements of molecular size are performed in aqueous 
alkah 

The exponent a m the Mark-Houwmk equation for amylose m 0 15~ potassmm 
hydroxrde IS 0 77, mdrcatmg macromolecular extension by long-range solvent effects6 
When the alkaltmty of the solvent IS rarsed to M, the value of a approaches ~ruty~-~ 
and [q] drops6 As a result of their interaction wrth alkali, starch molecules exrst as 
extended polyamons rn thrs solvent6 In oxrdrsed starch, the carboxylate groups ~111 
also contnbute to the molecular charge m alkah, thereby affectmg the extent of 
molecular expansion and the mtnnstc vrscosrty 

The presence of carbonyl (aldehyde and ketone) functions m an oxrdrsed starch, 
however, has a more-profound influence on viscosity parameters Perrodate-oxrdrsed 
starch rapxdly degrades m alkali by the beta-alkoxycarbonyl mechamsm, but reductron 
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TABLE IV 

INFLUENCE OF BORATE ON WSCOSlTY PARAMETERS 

pH 8- Oxyamylose 
1 dtssolved m alkah 
2 stirred for 24 h with aged borohydrxde” before addltlon 

of, and dlssolutlon m, alkah 
3 dissolved 1x1 alkah + fresh borohydnde 
4 dissolved m alkali + borate 

Borohydnde-reduced pH 8-oxyamylos@ 
1 dissolved m alkah 
2 dtssolved m alkah + borate 
3 acetxc acid added and repeated dlstdlatlon of methanol 

before dlssolutron m alkah 

0 16, 0 14 2 03, 3 53 

021 1 00 
0 19 1 08 
0 18 1 30 

0 38 0 55 
0 37 0 56 

0 38 1 49 

aAqueous solution of sodmm borohydnde stored for 24 h *After reduction for 24 h, centnfugation, 
and washmg with water and with methanol 

with borohydnde prevents this reactxon and permits the determmatlon of values for 
mtrmsxc vlscosrty’ Hypochlonte-oxldlsed starches were reported to be unaffected 
by borohydride reduction m so far as the mtnnslc viscosity in M alkah IS concerned’ 
Our data mdlcate that bromme-oxIdlsed starch has alkah-labde carbonyl groups, 
which result in rapid cham-sclsslon m alkah If the beta-alkoxycarbonyl mechamsm 
IS mvolved, the active carbonyl groups will be on C-2,3, or 6 of the D-glucose residues 
A “peehng “reaction from terminal, reducing end-groups would not cause a rapxd 
degradation and IS not indicated by the data m Table III 

The extensive depolymerlsatlon observed durmg oxldatlon may be the result 
of beta-alkoxyl ehmmatlon reactlons engendered by ketone groups at C-2 or C-3, or 
by an aldehyde or carboxyl function at C-6 It may be suggested, however, that cham 
sclsslon occurs m an analogous fashion to the chlormolysls of the C-l bond to 
glycosldlc oxygen ’ 

In a study of penodate-oxldlsed amylose and amylopectm, Erlander has 
correlated railsed values for k’ with formatlon of aggregatesg, which are held 
together by hydrogen bonds lo Our results for bromme-oxldlsed starch components 
also indicate raised vaiues for k’, w’mch tend to decrease after reduction However, 
anomalous values can often be obtamed as a result of the expenmental error at low [q] 

EXPEFUMENTAL 

The preparation of the oxldlsed starches has been described previously’ All 
solutions were filtered through a No 4 glass smter Clear solutions of starch (1 or 
0 5%) were prepared m filtered, aqueous potassmm hydroxide (1 01~) under nitrogen 
with magnetic stu-nng dunng 15 mm The hltered solutlon was kept at 30” m a closed 
flask, and dllutxons were performed with filtered alkah A No 50 Cannon-Fenske 
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vlscometer (water flow-time CCI 24.0 set) was used at a bath temperature of 30 +O 01” 
Starch concentrations were calculated from the dry weight of the sample taken 
and are Bven m umts of g/d1 Kmetlc corrections were not apphed 

17- 

-h+ 
*--4 ‘“p/c 

z 
5 13- 

e---h____ll 
----_____ 

b x2- 

--O 

% 

“031 

I 9 I 
a25 0.5 0.75 

I , I 
025 0.5 Q75 

Starch concentmt~on (g/dl) Starch concentration (g/dl) 

Fig 1. Wscoslty of amylose and pH S-oxyamylose m ht potassmm hydroxide 

Fig 2 Vlscoslty of amylopectm and pH 8-oxyamylopectm m M potassmm hydroxide 

I I I 

1 2 3 
k’ 

Fig 3 Slope constants k’ and k’ from vlscos~ty data rl.Jc=[~]+k’[rJ2c In ~Jc=[?,~]+k”[~]~c, 
Straight hne for equation k’=k’+O 5 1, starch 2, oxystarch 3, borohydnde-treated starch 4 
borohydnde-treated oxystarch 
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The borohydnde treatment was camed out as follows freshly prepared, 
aqueous sodium borohydride (6 2m~, 20 ml) was added to CCI 225 mg of starch, 
givmg an S-fold molar excess of hydrogen equivalents per starch carbonyi group 
The suspensron was stnred magnetrcally for 24 h at room temperature, after which 
trme aqueous potassium hydroxtde (10 6h1, 4 ml) followed by water (20 ml) was 
added, final concentrations were 0 9% potassmm hydroxrde and 2 8n~r sodium 
borohydnde The solutron was iiltered before vrscometry Dilutions were performed 
with alkahne borohydnde solution prepared rdentrcally 

Treatment of data - In order to obtam values for mtnnslc viscosrty and slope 
constant k', a double plot was first tried by using the Huggmsrl equation I and a 
modified Kraemer” equation 2 

%I& = [?!I -I- WI4 2c (4 

Wddlc = !Xl+W?712~ (2) 
Extrapolations of thus double plot to zero concentration gave a common intercept, 
VIZ [q] The slope of the logarithmrc plot was negatrve for unoxldrsed amylose, but 
posrtrve for amylopectm and oxystarches (Frgs 1 and 2) When the slope constants k’ 
and k” were calculated accordmg to equatrons I and 2, the values were not strictly m 
accordance wrth relatronshrp 3 (see Frg 3) 

k’ =05+-k” (3) 

This result IS explamed by Sagar13, who showed, by mathematical analysts of equa- 
trons I and 2, that k” IS an unreliable measure of the Huggins slope-constant, Its 

value 1s a variable functron of k’, so that equation 3 IS mapphcable Consequently 
we have adopted Sagal’s procedures l3 for approxrmatmg correct values for both [q] 
and k’ For good-solvent systems, this mvolves usmg the anthmetrc means of values 
calculated from linear extrapolations based on the Martm14 (equatron 4) and Hug- 
gms” (equatron I) plots 

ln (a&) = ln @II f k’ [VI c Q 
The results thus calculated are grven m TabIes I and II for amylose and amyiopectm, 
respechvely 
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