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A review of the literature indicated unusual difficulties in the isolation 
and aqueous dispersion of high amylose-content starches. Results of 
fractionations revealed abnormality and disagreement in fraction yields and 
properties. The present work mainly concerned further investigation of these 
problems, using a range of maize genotypes and starches from various other 
sources. 

Starches were xantitativel. isolated as intact granules in a state of 
high purity from various cereIi The yields were compared with chemical 
estimation of cereal starch content. These were in agreement except for the 
amylomaizes where the small-scale physical isolation of starch was superior 
in precision and accuracy to the chemical method. 

Pretreatment and dispersion of granules by various methods were 
re-examined • Hot water was an exceptionally poor solvent for amylostaroh. 
Higher concentration of alkali than normally necessary for the dispersion of 
other starches at 200C, was required; neutralization precipitated the starch 
immediately. Dimethyisulphoxide (3130) was an excellent solvent and a method 
of rapid apparent solution was found. Complete molecular dispersion was 
strongly indicated but could not be unequivocally proved by ultracentrifugation. 

The properties of DM30 were studied and it was found under certain 
conditions to be a suitable solvent for physical measurements. The limiting 
viscosities of maize starches in DM30 decreased with apparent starch-amyloee 
content. 

The presence of DM80 in aoueous starch solutions did not affect analytical 
and characterization tests, except to improve precision by allowing better 
dispersion of the polysaccharide. The reductions of original values of 
solubility and -amylase labilittee of potato starch and amylose, due to 
prolonged ageing in air-dry state or in water at low temperature, were restored 
by solution in DM50. 

The estimations of pure glucose, pure maltose, and reducing sugar from 
polyglucans after amylolysis or acid-hydrolysis, by the alkaline-ferricyanide-
eerie sulphate procedure, were re-calibrated. A high order of accuracy was 
obtained in the assay of micro-amounts of dextrose by the gluoose-oidaee - 
photometric procedure. Starch could be assayed after enzymolyeis to dextrose. 
Average chain-lengths of amylopec tins and amylopec tin-type fractions in DM30 
solution were determined by both the perlodate and P -amylase - pullulanase 
procedures. 

Potentiometric iodine titration of amyloetarehes at 200C gave abnormally 
shaped absorption isotherms. Normally-shaped patterns were obtained at low 
titration temperatures. The iodine affinities of regular maize, waxy maize 
and potato starches, amylosea and amylopectin3, were largely independent of 
titration-temperature. With all polysacoharides the iodine-binding occurred 
at progressively lower free iodine concentrations with decreased titration 
temperature, whilst degraded potato emyloses showed potentiometria iodine 
binding - titration temperature dependence characteristics which resembled 
those of the amylostarches. 

Use cit/icr side if necessary. 



Satisfactory fractionation of the amyloetarohee could not be obtained 
by conventional methods. An attempt to utilise the auto-precipitating 
property of exnyloetarch as a means of self-fractionation, was unsuccessful 
Repeated dispersion and ultracentrifugation gave a degree of amylostaroh-
fractionation sufficient to demonstrate that a finite amount of amy].opectin 
of typical properties existed in these starches. 

A method guantitative fractionation was devised in which the butanol-
ccmp3exing and then the iodine complexing materials were removed from the 
aqueous-t4S0-starch dispersion. From all the starches, the recrystallized 
butenol-complex had typical amylose properties, except that the viscosity-
average and the weight-average molecular weights tended to decrease with 
increasing apparent amylose content of the parent starch. The residual 
nót-complexing materials possessed properties typical of amylopeotin, again 
with a tendency to decreased molecular size according to parent starch 
amylose content. 

The yields of both amylose and amylopec tin from the amylostarches were 
less than those predicted by the alleged amylose contents of these starches. 
The intermediate or iodine-oomplexing fraction was a minor component (26) 
of the waxy and regular maize starches, but became a major constituent 
(2-I0%) of the amylostarohes. It was highly unstable in aqueous solution 
and was shown to be responsible for the abnormal iodine-absorption isotherms 
of the amylostarches. It consisted largely of short-chain, linear-type 
molecules (average chain lengths as 50 - 100). 

Preparations of & -amylase degraded ainylomaize-amylose (chain length 
2 - 12) which failed to complex with butanol, showed stability and iodine-
binding behaviours similar to those of the intermediate starch-fractions. 
The whole-starch iodine binding capacities at PC were quantitatively 
accounted for by the iodine affinities of the component fractions. 

It is suggested that the relatively large amount of short, linear 
material could be responsible for the extremely dense packing of the larger 
molecular-size amylose and amylopectin within the amylostarch granule. 

The properties and composition of laboratory and commercially prepared 
maize starch samples were compared. After purification the commercial sample 
showed slightly higher levels of molecular degradation. The results were 
discussed with regard to manufacturing practice. 

A consideration of the genical].y associated features of high amylose 
content and high water-soluble content of Zea mays endosperms, led to a simple 
hypothesis which was agreeable with publishW data on amylomaizes and which 
accounted for the present results of fractionation. Paths of further 
investigation were indicated. 

The iodine binding capacities of various rice starches has been examined. 
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INTRODUCTION 

The general objective of this work was the critical examination of the 

composition of starch. Studies were confined to the endosperm starch of 

cereal grains principally those of maize and its genetic mutants which include 

the Important high-amylose content amylomaizee. 

The literature relevant to the amyloatarohes was small in volume and 

since it is within the scope of this thesis, a review is presented in Section 1, 

with particular reference to the dispersion, fractionation and properties of 

the fractions. It will be seen that some results of fractionation are less 

than satisfactory. In particular, the assumption that the amylopeotin is that 

portion of the nmylostaroh which fails to associate with certain amylose-

oomplexing reagents, is not accepted by these laboratories. 

A preliminary aim was to isolate the total starch content of the endosperm 

in a state of high purity, using methods which would incur a minimum of physical, 

chemical and biochemical damage in the native granules (of. Watson, Wolf, 

de Wifligen, Badenhuizen, in Whistler, 19; Anderson et al., 1960; 1961; 

1962a)  b; 1963; 1965; Montgomery et 11.,, 196)4a). The procedures of isolation 

used, with the results obtained, are given in Section 2. 

In addition to the more difficult quantitative isolation in high purity, 

the amylostaroh granules were much more resistant to dispersion and such 

dispersions were extremely unstable in neutral aqueous media. This presented 

problems in a number of characterization tests, and modifications to testing 

procedures were required, Section 2. 

These starches forced attention upon elementary aspects such as dispersion 

and solution stability, and led to some re-examination of the behaviours of the 

more common starches. In particular, the more intensively examined and 
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documented starch from potato tubers was used, frequently for reference 

purposes, and these studies are presented in Section 3. 

A subsequent aim was to obtain total dispersion of the total starch 

substance, without molecular degradation, in a suitable continuous medium. 

It was well known that the complete destruction of the crystallinity and 

organised form of seed-starch granules was more difficult to achieve than 

dispersion of starches from root, stem and other parenchymatous tissues 

(Radley, 1953), while the maize seed-starches presented in themselves a 

range of ease of aqueous dispernability (Senti and Dimler, 199; Senti and 

Russell, 1960). This was apparently correlated with the starch amylose 

content; the waxy starch was very readily dispersed, the starch of the 

regular maize or common dent-corn was partly dispersable (of. Baboock et al., 

1960), while the high amylose content types, the "arnylostarche&', were 

extraordinarily resistant to normal methods of dispersion (Senti and Russell, 

1960; Sloan et al., 199). These problems are dealt with in Section IlL. 

A final objective with particular regard to the maize starch series, was 

to separate the starch into molecularly distinct components. This was 

contingent on the completeness of dispersion of the granule substance, since 

it has been amply shown that the removal of amylose from swollen undispereed 

granules was incomplete (Banks and Greenwood, 199a;  Banks et al., 199a; 

Greenwood, 1960; Montgomery et , 1961; Greenwood and Thomson, 1962a). 

Section I describes experiments on these lines. 

Some phyaico-ohemical properties of rice starches are described in 

Section 5. 



SECTION 1. 

DITRODUCTION TO THE AYTOSPARCEES 
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INTRODUCTION TO THE 9WL1DSTARHES 

The literature concerning studies on high amylose starches (amylostaroh) 

will be reviewed briefly as an introduction to the problems involved in the 

elucidation of the composition and structure of this relatively unique starch- 

type. 

The amylose contents of starches from a very wide range of botanical 

sources have been reported; for example, by Deatherage et.al. (1955) Greenwood 

and Thomson (1962). Yet, only two plant-species have been found to date, to 

yield endosperm starches containing more than O% of amylose. These were 

genetic variants of pea, Pisum sativum, and maize, Zea mays. Abnormal starch 

from the wrinkled-seeded pea was reported by Nielsen and Gleason (194)  who 

indicated that about 7% amylose was present. Hubert and MacI4asters (196) 

found the wrinkled pea starch to contain 70% amylose. Peat et.al. (19I8) found 

the wrinkled pea starch Of Hubert and MacMasters to be practically insoluble 

in boiling water, and estimated that it contained less than 2% of the branched 

fraction. Although peas were eminently suited to genetic development 

(Kellenbarger et.al. 191), the occurrence of the high-amylose starch appeared 

to be incidental and no effort was made to develop it genetically. 

On the other hand, the occurrence of high-amylose starch in maize (amylomaize), 

noted by Cameron (1947)q 4  Dvonch et.al. (191), has been the subject of intensive 

breeding programmes as indicated by Senti and Dimier (199), Senti and Russell 

(19). The potential uses of high-amylose starch in industry, and the possible 

benefit ensuing to the economic status of the United States' Corn Industry 

in)igated the development of amylomaize. The efforts of the plant-breeders 



have progressively increased the apparent amylose-content of the starch, and 

recently, Anderson (196) reportedclata on an amylomaize of amylose-content 

exceeding 80%. This is in contrast to the 2-28% present in normal- or 

regular-maize. 

Investigations into the properties and characteristics of these high 

amyloso starches have suggested that they are radically different from other 

starches. There was disagreement on this. From a fundamental viewpoint - 

particularly that of biosynthesis - it is important to understand the nature 

of these differences. 

The starch granules from the wrinkled-seeded peas were isolated by Greenwood 

and Thomson (l962')°and purified free from protein (N, O.01%), without the  use 

of chemical reagents which might cause modification of the starch-structure. 

Microscopic examination showed that the granules appeared to be compound. The 

morphology was obscure however; Badenhuizen (199) doubted that "compound 

granules" essentially existed. As indicated in the section on Starch Isolation, 

p. Z8, the protein-matrix within the endosperm-aells of high-amyloso starch-

bearing seeds, was more difficult to soften; the apparent ccmipoundgranules 

were possibly aggregates of granules bound together by unsof toned proteinaceous 

material. 

Anderson, et.al, (1960, 1961, 1962 have shown that the total starch content 

of anylomaizes was lower than usual for maize, and that it was more difficult to 

isolate in high yields and high purities on the pilot-plant scale. There was a 

pronounced tendency for the high-amylose starches to retain more lipoid and 

nitrogenous materials than the regular or waxy starches when isolated by 

comparable means. Anderson, et.al, (1962)° believed that these associated 

features could be genetically removed. However, laboratory procedures have 
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been described by I'1ontgamory ft.al. (1964a) and in following Section, .thioh 

enable purified amylomaizo starch to be isolated without difficulty. 

Wolf and oo-workers (196) observec abnormally shaped granules or 

"irregular starch bodies" in amylomaizo starch. These stained blue in iodine 

although they tended to be associated with the red-staining areas of the endo-

sperm oell. The proportion of abnormal granules was roughly correlated with 

the iodine-binding capacity of the whole starch. Microscopic evidence 

suggested that the distribution of the amylose and amylopec tin was non-uniform, 

not only between different grin ules, but also within a given granule. 

The grnules of both pea and maize amylostarohes were extremely resistant 

to swelling aqueous media. The gelatinization temperatures appeared in general 

to be higher than 980C. As a result, aqueous dispersions could not be formed 

directly, and, some form of pre-treatment to disrupt the granular organization, 

prior to fractionation, was required. The problem of dispersion of the 

starches will be discussed later, 

Methods used in fractionation. 

A variety of pro-treatment and fractionation methods have been used to 

date, and this often makes a comparison of results difficult. Essential 

features of these methods are given below: 

Method I. 	Potter and co-workers (193) dispersed the starches at 2% concen- 

tration in molar potassium hydroxide at 30C . , neutralized with acetic acid and 

heated for 3 hours at 92°C. Undisporsed particles were removed by passing 

through a continuous-flow centrifuge. Subsequent fractionation was according 

to Schoch (194) using amyl alcohol and the amylose-coniplex was recrystallized 

from butanol-saturated water. 



Method 2. Wolff !.a1. (19) pm-treated the starch with liquid ammonia and 

recovered it from ethanol • The pregelatinized starch was dispersed at 3% 

concentration at 900C for 1 hour in a 2U-24% v/v butanol aqueous system 

followed by 1 hour at 120°C • The complex was recrystallized from butanol-

saturated water. 

Method 3. Greenwood and Thomson (1960, 19620) pregelatinized the starch in 

liquid ammonia., dispersed it in water for 1 hour at 100°C and precipitated the 

amylose with thymol. The complex was recrystallized from butanol-saturated 

water. 

Method 1. Montgomery etal. (1961) heated % starch slurried in a. water-

glycerol-buthnol (33a3) mixture for 3 to LL hours at 980C, and removed the 

starch with ethanol. The granules were then swollen in alcoholic 2M. Sodium 

hydroxide at 10°C for 30 minutes. Dilution with buffered water to 0.91  sodium 

hydroxide followed by shaking, induced the swollen granules to collapse. The 

released or "leached" material was removed by centrifugation and recrystallized 

frc*31 butanol-saturated water. The recrystallization supernatants were returned 

to the amylopeotinous sediment. The sediment was dispersed in sodium hydroxide 

at 20C for 21 hours, neutralized, and that portion, which was complexable with 

pentanol, removed and recrystallized from butanol-saturated water. The amylo-

pectin was dialysed and dried from alcoholic precipitation. 

Method 5. Anderson eta?. (1963) studied the efficiencies of various complexing 

agents, fatty acids and higher alcohols, in the recovery of amylose from amylo-

maize-starches dispersed in aqueous system by 3 hours at 1200C. 

1ethod. Whistler and Doane (1961) pm-treated the starches with liquid 



7 

ammonia, and prepared "intermediate fractions" which complexed with 

2-nitropropane after remove], of the butanol-complexirig fractions. 

Method 7. 	Erlander et.al. (196) dispersed the starch by extracting the 

kernel or endosperm directly in a medium consisting of lithium thiocyaxmte 

(i.i) and guanidinium chloride (&t), for 2 hours at 9I 0C. The extract was 

precipitated with ethanol, re-dispersed in water, and amylose separated by 

the addition of thyrnol. 

Some degree of criticism can be made of each of the above methods of 

procedure. With regard to Method 1, Peat etal. (19148)g Wolff et.aL (195) 

had found that on neutralization of the alkaline dispersion, the amylostarch 

precipitated from solution more rapidly than other starches. The quantity 

of particulate material removed from the dispersion prior to fractionation 

was not known, nor the effect of this on the fractions subsequently obtained. 

Pretreatment of the starch in liquid ammonia, as in Methods 2, 3 and 6, 

is accepted as an efficient means of pretreatment In the absence of evidence 

to the contrary. However, the state of the granules of anmionia-pretreated 

amylostarohes has not been reported. The problems of pretreatment and dis-

persion of these starches is discussed in Section Z 

Method 4 was complicated and, like Method 7, involved highly alkaline 

reagents, so that modification or degradation of the starch was a distinct 

possibility. Fundamentally, Method 1 achieved a primary leaching of amylose 

fran swollen and collapsed granules, and relied on a secondary extraction of 

oomplex.able material from an alkaline dispersion of the granule residues, to 

yield a so-called aniylopso tin. 

Method 5 was designed for large scale commoercial processing and no 
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attempt was made to remove particulate material from the autoclaved dispersion. 

Method 7 implied that only starch was extracted from the whole grains or ediioKO  - 
sperms. This may be doubtful. 

Yields; 	The reported experimental yields of fractions are shown in Table 1 
It can be readily calculated that the yields of butanol-conlexed fractions 

were only 72-8% of the reported apparent amylose-contents of the starches, 

whilst in contrast, the yields of the non-complexing amylomaize fractions 

exceeded the anticipated yields by iO%. For amylanaize in particular, it 

appeared that either the assessment of amylose-content was in error, or that 

the fractionation methods failed to separate all the linear component. It 

should be noted that Montgomery and Senti (398); Montgomery et.al. (1961) 

obtained experimental yields from normal starches using fractionation procedures 

similar to Method t,whioh were as expected from the apparent amylose-contents. 

Properties of the "Amylos&'. 	Reported properties of the butanol-complexes 

from the amylo-starches are shown in Table 	This table also includes 

results for regular-maize and the smooth-seeded pea, i.e. starches of normal 

amylose-content. 

In the case of the smooth and wrinkled-seeded pea amyloses, the results 
0. 

of Potter et.al. (193); Greenwood and Thomson (1962) showed that the iodine 

affinities did not appear to vary significantly from about 19%. The complete 

amylolysis obtained by Greenwood and Thomson (1962') of both earn lea under the 

concurrent action of 	-amylase and Z-enzyme, indicated freedom from contamin- 

ation with branched or retrograded materials, whilst the /3 -aniylolysis limits 

were about 80%. Molecular weight determinations indicated the wrinkled-pea 

amylose to be slightly smaller than the smooth-pea amylose, (Potter et,al., 193; 

Greenwood and Thomson, 1962). 
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Table I 

Experimental Yields of Fractions from High-amylo se S tare hes 

Reported Yields of Fractions 

Total 1 eferenoe Starch 1  Method 2 Complex Non-complex 
(see footnotes) (') (%) () - 

6 W66 1 62 23 85 

7 ilk 50 14 36, 2,5 58 96.5 

qu H50 14 - 
9 ijA 55 2 

8 HAS? 14 - So 

8 HA 59 14 142 - - 
10 11A60 5 149 - - 

7 i. 63 14 li$, 	5 145 95 

7 HA 66 14 148, 	14 	4 143 95 

10 R67 5 57 - - 
8 11A67 14 148 142 90 

8 HA 68 14 149 142 91 

8 HA 71 Ii. 50 143 93 
7 HA 71 14 So, 	6 4 39 95 

10 HA 75 5 59 - - 

1 WP =wrinkled-seeded pea; ilk h1-amy1ose maize, each 
followed by number designating the reported apptrent my1ose 
content. 

2 Fractionation procedure used; see text. 
3 Butanol-oomplexing fraction as % of starch. 

Secondary yield of complex. 
6 Potter, at al. (1953). 
7 Montgonry, eta. (1961). 

8 Montgomery, et al. (19141 
9 Wolff, at al. (1955). 

10 Anderson, at al. (1963). 
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Table a 

Characteristics of Bu tano1-cnip1exed Fractions 

Reference 
(see footnotes) Strch - !'ietho. 2 

Yield Iodine 
Affinity [J D 

6 SF 35 1 28 20.0 150 - 770 

12 SF 35 3 18.7 176 81 1300 

6 WP 66 1 62 19.1 1314 - 630 
12 WP 66 3 - 19.0 160 82 1200 

8 RM 27 4 214 20.14 178 96 503 

11 HA 50 3 19.2 180 77 1300 

7 HA So 14 36 2011 136 - - 

9 HA 55 2 143 20.0 120 75-90 285 

8 HA 59 14 142 20.6 170 98 502 

10 HA 60 5 50 1718 e.122 - 

7 HA 63 14 45 20.5 137 - 

7 HA 66 14 148 20.2 135 - - 

10 HA 67 5 57 18.14 125 

8 HA 67 14 148 20.5 170 96 502 

8 HA 68 14 149 20.6 165 98 509 

8 HA 71 Ii 50 20.6 i65 - - 
7 HA 71 14 50 20,6 137 * 

10 HA 75 5 59 18.2 1014 - 

1 As in Table I , except that SF smooth-seeded pea; 
regular-maize. 

2 As in Table 1 
3 Timtting viscosity number in alkali. 
14 Percentage conversion into maltose under the action of ft -amylase. 
S Degree of polymerization, number average. 
6, 7 s  8 , 9 P 10,  As in Table I 

13-  Greenwood and Thomson (1962a). 

12 Greenwood and Thomson (1962b). 
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The butanol-complexes from the regular-maize and the arny1oinaize-0 

showed iodine affinities in the generally accepted le'tel for maize-aniylose 

of about 20. The amylcciaizes "59" to 11 71" gave complexes which showed a 

trend to slightly higher iodine-binding capacities. From the little data 

available, the -amylase digestibility of the amylomaizo complexes varied 

from 7% (Wolff et.al,, 1955),  to almost complete digestion (Montgomery 

et.al. 196 	with no definite correlation with iodine-affinity levels. 

Molecular sizes of the regular-maize and amylamaize-complexes appeared to be 

similar, These results indicate a general similarity between regular and 

amylomaize butanol-oomplexing fractions. 

Properties of the total "Amylopeotin". 	The properties of the non-complexing 

fractions, Table 3 , showed marked differences between high and low amylose-

content sources. 

The wrinkled-pea fraction showed levels of iodine-affinity, chain length, 

and f3 -arnylolysis limit significantly higher than those of the smooth-pea 

fraction, and its molecular-size appeared to be considerably smaller (Potter 

et-al., 1953 Greenwood and Thomson, 1962'. 

The wrinkled-pea fraction of Potter et.al. (1953) gave an inflectionless 

potentiometric iodine-titration curve and spot-tests did not show the presence 

of amylose. They concluded that the iodine was absorbed by whole material, 

which was abnormal and consisted of chains of continously variable lengths 

which averaged 36 units. 

Although an infleotionless potentiometric iodine-titration curve was 

found by Wolff et.al . (1955) the iodine affinities of the amylazaize fractions 

isolated by Montgomery et.al. 1961, 19614 were extremely high, implying 

"apparont-smyloso contents" of 25 to 4%, The levels increased with the 



12 

Table 3 

Characte the ristics 	rc!9fl 

neioreflee 
(see footnotes) Starch 1  Method 

2Iodine Yield 
50f) Affinity - HJ [J 

6 SE 33 1 63 1.6 17 - 27 

12 $P 35 3 - 1.0 10 58 26 

6 WP 66 1 23 - 122 - 36 

12 WE 66 3 - 2.7 120 65 36 

8 RH 27 4 72 - 180 - 27 

U. HA -50 3 - - 64 36 

8 HA 50 4 5 8 5.3 120 62 36 

7 HA 55 2 
- 

j5.U5 120 58 36 

8 HA 57 4 56 7.9 120 66 ho 

10 HA 63 4 415 8.2 - - 

7 HA 66 4 143 8.2 122 - 

8 HA 67 h 42 8.3 120 73 42 

7 HA 68 4 42 8.5 120 74 43 

8 IM 714 43 8.9 120 77 45 

7 HA 71 4 39 8.8 122 - - 

3, 	6 7 , 8 , 10 , 11 , 1 As in Tab is 2 

Average length of unit—chain (glucose residuo. 
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iodine-binding capacities of the parent starches 	The p -limits and the 

apparent chain-lengths increased correspodingly, while the intrinsic viscosities 

remained constant at a level (about 120) considerably less than that shown for 

the ordinary-maize fraction of 180. 

Wolff et,aI. (19) also accounted for the unusual properties of the 

amylomaize non-complexirig fraction in terms of the 36-unit chain-length. 

These authors noted the difilculty of obtaining and maintaining aqueous solution 

of this material; 1 hour at 1200C was required to re-disperse it in water. The 

dispersion was more turbid than that of a regular-maize amylopec tin, and showed 

a strong tendency to retrograde from solution. A 1 aqueous deposited 91 of 

its substance on refrigeration. This degree of retrogradation was more than 

would be expected from an amylopec tin containing 2% amylose. The authors 

found also that the spectral distribution curves of the iodine-complexes of 

the amylomaize fraction and a synthetic mixture of amylopectin an amylose, which 

were stained to the same "blue values", showed different absorption maxima, 

ca, 70ni 	for the fraction, and oa.60 in 	for the mixture. 

The viscosity (Wolff et ,al., 	195) of the amylomaize non-complexing 

fraction was similar to that of the regular-maize amylopec tin, yet the number-

average molecular weight (from reducing-power) was much less then that of the 

regular-maize. It was concluded that the amylomaize fraction had a lower DP $ 

H] ratio, and that either the greater linearity of the fraction explained 

this, or the fraction had a type of molecular polydispersity involving a greater 

proportion of quite high and quite low molecular-weight components. 

These general conclusions were confirmed by Montgomery et.ai., (1961, 1964) 

who carried out, in addition, paper- and thin-layer chromatography experiments. 

Thus, it appeared that the non-butanol-coiupioxing fractions from high- 

amylose starches were either highly impure, or that a radically different type 
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of branched component had evolved in these starches. 

The matter of molecular purity of such non-complexing fractions received 

some attention. 

"Intermediate" fraction. 	Whistler and Deane (1961) studied the sub-fraction 

of amyloataroh which complexed with 2-nitropropane, but not with butan-1-ol. 

The intermediate fractions, Table 4 , resembled the non-butanol-complexing 

fractions obtained under fractionation procedure 1. The viscosities of those 

fractions were much lower than those of the total non-butanoiscomplexing 

fractions, but the iodine affinities and apparent chain-lengths were of the 

same order. 

Subfractionation of "Amylopeotin". 	As outlined above, Greenwood and Thomson 

(19, l962Spretreated wrinkled-pea and amylomaize starches with liquid ammonia, 

fractionated these using the thymol-butanol procedure outlined by Banks et.al. 
71 

(199), and obtained apparent "36-unit" nniylopec tins. This result was in 

agreement with those reported by Potter et.al. (193)q,4 Wolff et.al. (19). 

However, when these antylopectins of apparently abnormal chain-length were 

sedimented in alkaline solution in the ultracentrifuge, they were found to be 

inhosiogeneous and to consist of at least two components. For example, the 

wrinkled-pea smylopec tin showed a rapidly moving component with a sedimentation 

coefficient of about 100 x 10-13 sea., together with material of a very low 

sedimentation coefficient of less than 1 x 10'13  sec. 

Differential ultracentrifugation of 0.2C aqueous solutions of the amylo-

pectin samples separated these two components. Table 5 shows the properties 

of the subfractions. The sedimented material from all three samples of 

1136-unit" amylopeotin had a chain-length and A -amylolysis limit comparable to 

that for a normal axnylopeo tin when corrections were made for the apparent 
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Table 

"Intermediate Fractions" from Am'1oniaize 
(Whistler d Doane, 1961) 

(Non-bute.noi ooniplecing, 2-nitrpropwie complexed) 

mylomaIZe genotype ieg1r.rnaie 

"p' 	2 ae su1  as as 
Inter- 

mediate 
Amylo.uu. - pectin!nyloce 

% of staroh 8.7 7.5 6.6 4.5 40 
 

Iodine Affinity 5.1 5.7 6,1 5.8 3 19.6 

CL 30 0 47 hi 2 409 

L nJ, M,KOE 1 37 31 20 126 W 104 

Instability 2 19 28 34 26 3 98 

As in fable 3 

2 Retrogradation from aqueous saline solution; % deposited in 
15 days at room temperatures. 

Table 5 

Properties of the ' lopeetin&' and their 
Subfrac tions from Amvio- trches 
reenwood and  

Starch Coiiponcnt Amount 

- 

Apparent 
purity 

- 

- 
CL 

- 

r H 

rinlclod-seed TothI 100 86 36 65 120 

pea (var. Sediment 80 88 27 57 1) 
it Gradus ) Supernatant 20 - 100 30 

Wrink1ed-od Tet1 iOu 86 3 66 120 
pea (var. Sediment - 91 28 58 140 
"Gladstone") Suernatnt - - * 100 - 

tUyO 	ze A 	I Total 
Sediment 

100 
7 

ca.90 
ca -90  

36 
28 

64 
58 130 

, amy 0351 Supernatant 2 - 100 30 

1 Sediment obtained from 0.2% aqueous solutions spun for 
two periods of 2 hours at 90,000 G.

2 From measurement of iodine affinity. 	As in Table 3 
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amylose impurity. Furthermore, the material in the supernatant liquor, with 

a high J3-amylolysis limit and low limiting viscosity number, appeared to be 

degraded, short-chain amyloses. 

The anomalous iodine-binding characteristics of the 36-unit emylopectin 

from the wrinkled-seeded pea were shown by Greenwood and Thomson (1962) probably 

to be affected by residual fatty-acid. 

It was suggested, therefore, that "36-unit" amylopeotins in the aurlostarchee 

were artefacts which were due to contamination of normal nylopeotin with short.. 

chain amylose, and which arose from the mode of separation of the components. 

Comparable ultracentrifugal experiments on 36-unit atnylomaize samples have 

been reported by Montgomery et.al. (1961, 1960, but these authors concluded 

that contaminating amylose was absent. 

However, this laboratory regards all the sedimentation patterns shown in 

the foregoing reference to be indicative of the presence of low molecular weight 

material (o.r. Banks and Greenwood, 190 	the patterns obtained in the present 

laboratory were equivalent to that shown in Fig. A2 of the report of 

Montgomery et.al. (1961). 

It was also noted that the iodine affinity only of the "sedimented amylopeotin" 
/. 

was measured by Montgomery et.a1. (1961, 1964), and that no chain-length or 

JI -smylolysis measurements were made. As stressed elsewhere in this thesis, iodine-

affinity measurements on the anomalous amylomaize-amylopeo tin were unreliable. It 

may be suggested that estimations of iodine-affinity from the potentiometrie titration 

curves are peculiarly difficult, and this in its turn, casts doubt on the validity on 

the chain-length determinations • In contrast, the iodine absorption curve of the 

sedimented ainylopec tin" shown by Greenwood and Mackenzie (1966) was more normal. 

This problem is discussed more fully in Section ). It is obvious that there is 

much contradictory evidence in the literature regarding the nature of amylostarch. 



SECTION 2. 

EXPfl1ENTAL 1,1JETHUDS 
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GENERAl, EXPERIMENTAT METHODS 

In the following account of procedures and techniques used in this 

work, only those methods which were adapted or modified to suit the particular 

purposes, will be detailed. Accounts of the more standardised procedures, 

in use in these and other laboratories, will be found in the references given. 

Preparation and Purification of Starches. 

Starches, in the form of intact whole granules were isolated from potato 

tubers and from a range of cereal grains, as follcrs: 

Starch Sources 

Potato: 	Locally grown tubers of variety "Pentland Crown" were 

used for the preparation of potato starch. 

Barley: 	Variety "Ymer", 1964-orop, grown locally. 

Oats: 	Variety "Blenda", 196t-orop, grown locally. 

Maine: 	Samples representing seven genetic variants of 

maize were processed. These were all of the dent-

corn type, Zea mays indentata: 

Ordinary or Regular Maize, known as Yellow American, was received 

by courtesy of Brown & Poison Ltd., Manchester, England. 

Waxy Maize of unknown variety was received from the same donors. 

"Amylon 70", an amylomaize, was provided by courtesy of the National 

Starch Chemical Corporation, Plainfield, New Jersey, U.S.A. 

The starch of this sample was reputed to contain 70% of 

aniylose, and is connoted as "HA70 in the following work. 
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"Amicorn 9", "Amicorn 5.. A-978", "Amicorn 6" and "Amicorn 711 , were 

kindly provided by Dr • H. J • Wolf of the U.S .D ,A. 

Northern Regions]. laboratory, Peoria, U.S.A. The 

endosperm starches of these samples contained allegedly 
Connoted "HA 91", HA 62", 91, 62, 67 and 7% of amylose. 	67", 	79'. 

Rye: 	Sample of unknown variety, 196h-crop, grown locally. 

Wheat: 	Samples of a high quality bread-wheat, variety "l4aris 

Wigeon", and of a interm'ediate bread-biscuit wheat, 

variety "Capelle Deaprey", each grown locally in 1964, 

were obtained. 

The tubers and cereals were processed in kilogram quantities in the 

laboratory and reasonably good yields of starch were obtained. In addition, 

starches were extracted quantitatively from the maize samples on a 

scale. 

Large Scale Extraction 

Preparation of Grain. 

Extraneous matter, damaged and diseased kernels were removed from each 

sample of grain. Samples (1 kilogram) were then washed with water, rinsed 

in dilute wetting-agent (0.01%) to remove occluded air, and washed thoroughly 

again with distilled water. 

Steeping Procedure, 

The steeping medium was distilled water buffered at pH. 6. (0.02  molar 

acetate) and rendered 0.01 molar in mercuric chloride. It was added to the 

grain in approximately twice the apparent volume. 

The smaller-sized cereals, barley, oats, rye and wheat, were held at 

60C for 3U hours. 	The maize samples were steeped at io°c for 40 to 50 hours. 
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During these periods, the steeped-water was drained off occasionally,, 

the grain washed with sterile water and fresh steep - water added, maintaining 

the systems always in the range 6-65 pH. 

Extraction of Starch. 

The softened kernels were drained, washed and reduced to a fine, porridge-

like grist in an electric-mixer. 

The barley, maize and oats grists were slurried to oa.1,04 apparent 

density (560  D6.) with sterile water, and sieved successively and rapidly 

through 150 and 75 - vibrational screens. The cohesive gnats of the rye 

and the wheats were kneaded under water before soreenin. 

The steps of grinding, slurrying (or kneading) and screening, were repeated 

until the soreen.overs were dark in colour and visually free of fine, endosperm-

grits. The cohesive gnats became bright-yellow to dark-brown in colour. 

elastic or rubbery in texture, tending to crumble with bran--content as the 

kneading proceeded 

Purification of the S taroh.produ o t. 

The fibre-free slurry was allowed to settled in a beaker. The top-starch 

and the proteinaoeous bands were separately removed by gentle suction as they 

formed. Those portions were resedimented and separated. The bulked, white-

starch sediments, in distilled water, were seeurity-screened,7i mesh and 

shaken in aqueous saline suspension, (10 Be*.),, with toluene (1/8th volume) 

overnight. 

The toluene-layer, bearing denatured protein, some fat and sometimes, 

occluded small-granules, was separated after very mild centrifugation. The 

shaking was repeated with fresh toluene, and the combined toluene layers freed 

of any granules by washing in water. 
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The purified starch was centrifuged at high speed, decanted, dried of 

surplus moisture, and quickly weighed. 

The starch for temporary storage, was slurried in distilled water saturated 

with toluene and stored under toluene in a cool, dark position. 

Dofa ttiM. 

Portions of the starch-cake (]JiOg wet-weight) were slurried in methanol, 

transferred to 2 -cm-thimbles, capped with defatted cotton wool and Soxhiet-

extracted with hot methanol for a minimum of 10 siphoninge. 

The defatted starch was washed in sterile water until free of methanol, 

and stored under toluene as before. 

Starch Yields. 

The yields and analyses of these starches are shown on Table 6 • Fibre 

contents were negligible; ash contents (unsuiphated) were less than 0.1. 

The yields of starch from the barley, oats and wheat were good considering 

that they were steeped under chilled conditions. For this reason, the yield 

from the rye was rather poor, but no attempt was made to repeat the extraction 

by steeping at a higher temperature. The oats were difficult to process owing 

to the "clayey" nature of the protein, but the yield of starch was good. 

Residual protein-contents of these starches were at satisfactory levels 

considering the relatively high yields of available starch. It is to be 

noted that protein content of the maize starches appeared to increase with 

increase in apparent amylose-content. 

The general principles for sound, wet-milling of cereal grains were 

adhered to as closely as possible; namely, time and temperature of steeping 

were selected to ade aua t1ely soften the protein-matrix without S 	thq 	the 

starch granule to heat-damage or to physical damage in the subsequent grinding 
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Table () 

iie1dari purity of starch from laboratory 
kilogram-soalo-extraction method 

Cereal 
If ie1d 

1 
Protein 

2 
Fat 

(g) 1 
Undefatted Defatted 

Amylomaize HA 70 50 0,140 o.57 0.1 
Barley 55 0.22 055 n.d 3 
Oats 0.30 n.d 0.1 

Maize 60 0.21 0.50 0.05 
Rye 146 0.27 n.d n.d 

Waxy Maine 65 0.18 0.143 0.02 

Wheat 1 66 0.114 n.d n.d 

Wheat 11 59 0.22 0,35 0.05 

1 Expressed on a moisture-free basis. 

2 % N x 6.25 

Not determined 

Table 7 

Limiting viscosity numbers, [n  for the 
we components of some of the cereal starch 

Am'iose !arle Noize 0at TThe t 	L 

H]' 355 290 2 1425 330 

1 Measured in 0.15 M K(i 

2 Measured in 0.3 N KOH 
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of the grain; degradation due to enzymic activity from sources foreign or 

native to the grain was suppressed by thorough grain-cleaning, the use of B 

bioc We and by extracting and purifying the granules as rapidly as possible 

after steeping. Drying of the starch with the inherent risk of damage/was 
e't al, ,qc, I cc) 

completely avoided by storage in an aseptic aqueous medium. 

It is to be noted that the procedure for wheat starch was similar to 

that described by Schoch (197) and by Wolf (196). 

The success of this extraction method was shown when the starches were 

fractionated, and the properties of the amylose components studied • As 

shown in Table 7 , the limiting viscosity numbers, H] , of the amyloses were 

much larger than those previously reported by Arbuckle and Greenwood (198), 

Greenwood and Thomson (1962). This indicated that inadvertent modification 

of the starch had been reduced to a minimum. 

Quantitative Starch Extraction 

A email-scale method was elaborated for the physical extraction of the 

total whole-granule starch content of maize endosperms, under conditions of 

minimal possible degradation or damage to the starch and to yield the granules 

in a state of high purity. 

An evaluation of the efficiency of the extraction could be made, however, 

only if the starch-content was known. The chemical  estimation of the starch 

content of maize and other cereal grains was to a degree, unreliable. It 

depended on the specificity of the chemical method of starch extraction and 

its efficiency, which was itself dependent on the physical preparation 

(Anderson and Dlii, 1963) of the sample for analysis. In addition, there 

appeared to be low degrees of confidence in the accuracies of various methods 

of true-moisture content estimations in both the source and the starch, as 
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discussed by the I.S.O. Meeting (1965). 

Sampling of Grain 

By subjective sub-sampling of each cleaned maize-type, 13 or Th whole 

sound berries (not exceeding g), were chosen to represent the morphological 

typos found along the length of the cob. Each sub-sample was weighed and 

its moisture content accepted as that of the parent sample. 

Steeping Procedure 

Steeping was carried out in loose muslin bags immersed in the same 

steeping medium at 100C at pH 65, as for the kilogram-scale extraction. 

After 12 hours, the samples were sufficiently softened to allow band-

dissection whilst the starchy-endosperm was still in a firm condition. The 

seed-coat was peeled off carefully and completely, and any adhering traces 

of endosperm were scraped off. 	The germ was excised without damage to the 

endosperm. All the portions of endosperm were then quantitatively collected 

by centrifugation., the water decanted, and replaced with steeping medium. 

The tubes were loosely stcppered and returned to 400C, 

After about 30 hours total steeping-time, the steep-liquor was removed 

and the endosperms gently ground in the tube with a quartz pestle. The 

suspended grit-free slurry, consisting mainly of starchy-endosperm,, was passed 

through a 	-.mesh, and stored in toluene-saturated, sterile water. The 

grits and unsof toned endosperm were re-steeped. at 400C for a further 20 hours. 

They were then readily reduced to a fine, grit-free condition. 

Extraction of Starch 

The ground-product was combined with the suspended slurry obtained above, 
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and passed repeatedly through 7  -nylon mesh. The screen-overa were 

examined minutely for any starch-bearing fragments; normally they showed 

a few grits and a little clean fibre. 

macerated before being re-screened. 

Any grits were soft, and easily 

All these operations were carried out 

ensuring that no portion of the sample was disoazed. 

Purification of the S tarob-Prodno t 

The starch-product was purified free from protein by sedimentation at 

PH 4.2. The screened slurry was adjusted to pH 4.2 with acetate-buffer and 

stirred at ILO°C for 20-30 minutes. On standing, the clear supernatants and 

brightly-coloured pro teinaceous layers were removed and allov,ed to re-sediment 

in a flat-bottomed tube. The main sedimented starch was re-slurried in 

acetate buffer (pH 4.2, 0.02M) and allowed to sediment, extracting the super-

natant as before. The small amounts of starch sedimenting from the two 

superna tan ta, were returned to the main starch and adjusted to pH 7. 

The total starch was then repeatedly centrifuged and decanted to free it 

from buffer salts, filtered on a tared G14 sinter, washed with acetone and 

dried by reverse flow of anhydrous nitrogen. After approximate equilibration 

with ambient atosphero, the filter and contents were weighed, and aliquots of 

the starch taken for moisture estimations under vacuum, 103rnni Hg, at 800C 

overnight. 

The yellow supernatants were cleared by making them 0.02M in cuprammine-

suiphite reagent, as described by Adkins (196), and the apparently heavy 

populations of small granules recovered by centrifugation, filtration and 

washing. The hydrous weights of this fraction, however, rarely amounted to 

more than 2% of the main starch-fraction. 

Results and Diseusion 

Those extractions were designed to estimate maximum physical yields of 
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whole-granule, high-purity starohos, taking into account the following 

observations: 

1, Thorough and uniform softening of the endosperm was essential for 

high extraction of the starch. The horny area of the endosperm was prone 

to produo e grits resistant to grinding, and intensive grinding possibly 

resulted in granule damae. 

Non-endosperm parts of the maize grain, the germ, the pericarp and 

aleurone layers, contained starch granules of a different morphological type. 

Quantitatively, these thin, elliptical, blue iodine-staining granules were of 

little significance. They were,, however, also present in the red-staining 

waxy maize, and the removal of the germ appeared desirable. Moreover, the 

germ and the bran decreased the efficiency of grinding. 

The screens used were most desirably selected to pass the maximum 

granule size. It was inevitable that grinding would produce some fibrous 

and cell-wall fragments of similar size, and the best compromise was to screen 

off anything significantly larger than this. 3inoe the granule diameter of 

regular and, waxy maize  starchee rarely exceeded ca 35 11, screens of h5 or 50 

mesh diameter appeared suitable. 

However, the emylomaize starches contained an abundance of irregular 

shaped granules, the extremes of which were indicated by Wolf (1964) to be 

sausage-shaped, 4..5 	diameter and 100 	in length. Test-runs on 

slurries of amylomaize starches showed that 7 }J -mesh was a reasonable 

compromise, with little tendency to retain the unusually long granules. 

li. The differential in settling rates under gravity of the granules and 

the hydrated, insoluble protein in the screened slurry, appeared to vary 

according to pH value. At room temperature, it was found that at pH 6-6, 

reasonably sharp separations could be made; at pH 4.9J the separations 
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appeared remarkably poor; but at pH I4.0u4.3 and ca, 1.05 apparent density, 

the starch settled out very quickly into a clean, white deposit., leaving a 

bright yellow protein layer in the supernatant liquor. The supernatant 

layer contained a relatively minor amount of starch, the bulk of which was 

removed by further sedimenting. 

. The water-insoluble, proteinacoous material was readily dissolved in 

oupramrninesulphite reagent, releasing the associated starch granules in an 

intact condition and enabling their physical separation in a high degree of 

purity. 	(Since this starch had been subjected to alkaline conditions, 

however, it was doubtful that it should be considered entirely sound.) 

The yields and purity of the starch obtained from maize and its genetic 

variants, under theee conditions, are shown in Table 8 • 	The results of 

chemical determinations of the starch-content of these cereals compared to 

the yield obtained by the procedure described above, are shown in Table 9 

The perchioric acid extraction method used in the chiical estimations was 

found to be satisfactory and reproducible for the waxy maize and maize grains 

but not for the amylomaize sample. The latter sample, after extraction, was 

found to contain residual, gelatinized and ungelatinized starch granules - 

even after extensive extraction with perohioric acid. 

It can be seen that in the case of the amylomaize, the physical yields 

exceeded the chemical assays. There was little doubt that the chemical 

method was inadequate for the estimation of the starch -content of this o,real. 

It is suggested that a precise, small-scale, isolation procedure, such as 

that described above, is more accurate than chemical methods currently 

available, for the estimation of total, granule-starch content of amylostroh 

cereals. Furthermore, the method described supplied a starch which as 

representative, not merely of the more readily available portion, but of the 
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Thble 8 

Yields of Starch from Maize by 
Quantitative method of extraction 

Grain-type 
Yield 

1 
Protein 

Waxy maize 72 0.09 

Regular maize 71 0.19 
Amylomaize, HA 573  61 0.39 
Amylomaize, HA 623  62 0.3 

Amylomaize, HA 67 60 0.146 

Amyloinaize, HA 703  60 0.38 

Araylomaize, HA 73 58 0,1414 

expressed on a moisture-free basis. 

2 	Xjeldahl nitrogen x 6.2. 

HA 	high-amylose maize, the number designating the 
reported apparent amylose content. 

Table 9 

Comparison of chemical-estimation of starch-contents 
of maize with quantitátive-extraction yields 

% anhydrous sample 

Waxy maize Maize Amylomaize.. HA 70 

Chemical-estimation 

Physical yield 

72.14 

72.5 

73.2 

- 71.8 

55.71  

59.4 

1 Incomplete extraction of granular starch by chemical method. 
See text. 
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total starch of the grain sample, and in quantity sufficient for many of 

the usual characterization tests. 

Estimation of Starch Contents of Cereal Grains 

Chemical and polarimetric estimations of the whole-granule starch 

contained in various plant tissues are often inaccurate particularly in the 

case of cereal grains. Physical reduction of the material to particle size 

sufficiently small to allow complete availability to the extracting media is 

primarily required. Materials such as sugars, pentosans, gums and non-granule 

polysaccharides,, were desirably removed before extracting the starch. This 

often involved inadvertent removal of starch from granules damaged during the 

preliminary grinding. The starch-extracting agent was required to dissolve 

or disperse whole granules as well as granules in various stages of swelling 

and rupture. Non-starch plant material was frequently extracted with the 

starch, and had to be removed from the reagent. Protein precipitants and 

the v1800u8 nature of the starch in solution led to considerable difficulty in 

clarification for polarimetria measurements. Further, an accurate method for 

the estimation of extracted, purified, total-starch content was required. 

Since starch content was most rationally expressed as a percentage of anhydrous 

starch-source, an accurate estimation of cereal moisture ocrttent was required. 

This also involved preliminary grinding with attendant source of errors. 

In the present case, the method of Hassid and Neufeld (1964) was adopted 

for estimation of starch contents of maize. Clean, dry grain-samples were 

ground to pass a 200 	mesh to airtight containers. It was noted that the 

order of hardness of grinding was waxy < regular< amylomaize, and this relative 

hardness applied both to whole grains and to dry, dissected endosperms. 
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Following the perohlorio acid method of Hassid and Neufeld, aliquots 

of 100 mg powdered sample were extracted with hot 80% ethanol and the residues 

boiled in water. It was apparent that the amylomaizo starch was incompletely 

gelatinized. The two extractions with perchlorio acid completely dissolved 

out the waxy and regular maize starches, according to micro-examinations, but 

not the amyloomaize. A third extraction, s toad overnight, continued to show 

undissolved granules in the centrifuged amylcsnaize sediments. The centri-

fuged extracts were filtered through grade 3 sinter glass. The saline iodine 

reagent gave apparently complete precipitation of all the dispersed starch at 

room temperature. Analagous aliquots were precipitated and aged overnight 

at 60C, and gave identical results. 

The final washed and precipitated starch was dissolved in hot water, 

rendered l.5 normal in sulphuric acid, hydrolysed for 2 hours at 1000C and 

cooled. The volume was made up to 25 ml in volumetric flasks and glucose, 

calculated as starch, was estimated by the alkaline-torricyanido method, 

described below. 

Estimation of Starch in Solution 

(1) After acid hydrolysis; estimation of total reducing sugars. 

For the determination of reducing sugars Hassid (1936) adopted the 

alkaline ferricyanide method and employed eerie sulphate of known normality 

to oxidise the ferrocyanide back to the ferric compound. The method was 

found superior to the copper-reduction techniques, particularly in the presence 

of unhydrolysed or iodine-staining polysaocharides. With solutions of known 

dextrose content, a directly proportional relationship between dextrose and 

eerie sulphate consumed was established; 1 mg dextrose was found to be 

equivalent to 2.14 ml 0.0135V cone sulphate. 
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The same author (Hassid, 1937) elaborated the method with particular 

reference to a more suitable indicator, and found that 1 mg dextrose required 

3 ml 0.01W eerie sulphate. 

Fuller et al. (19) determined the ferrooyanide by a slight modification 

of Hassid's method, and after the acid hydrolysis procedure, 1 tug dextrose was 

equivalent to 1.476 ml of 0.02W eerie sulphate. 

In this laboratory the method used was essentially that of Fuller et al. 

(19) as recounted by MacGregor (196), except that 0.0100W oøric sulphate 

was employed in all titrations. Precautions were taken to store the alkaline 

ferricyanide stock solution in absence of air and light, and to replace it 

when the blank values exceeded about 0.1ml eerie solution. With fresh solutions, 

caitroi wator) determinations were normally from U-45 to 2.5% of the calibration 

test titres, It was necessary to time the )$-minute digestion period 

accurately and to cool and titrate promptly. 

For glucose calibration, solutions of anhydrous dextrose (spec trauo trio ally 

pure) were made up accurately in de-aerated distilled water in the range 0.5 to 

3 mg/ml. It was found that the acid hydrolysis step (1 ml each of test 

solution and sulphuric acid 3M, 2 hours in boiling water bath) did not alter 

the volume of eerie sulphate required by the dextrose solutions. In the 

concentration range stated, a linear relationship between dextrose and eerie 

sulphate was confirmed; I tug dextrose requiring 3.04 ml 0.010014 eerie sulphate. 

The above mentioned results of glucose-calibration are listed below as 

tug dextrose per ml 0.0100 in eerie sulphate, with their oalcu]a ted eqivalenta 

as tstarch" in mg/m3. 0.01W eerie sulphate(Table. 10): 
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Table 10 

(mg/mi 0,01 N eerie sulphate 

Starch 
Reference Dextrose equivalent 

Hassti (1936) 0,346 0,3116 

Hassid (1937) 0.333 0.2996 

Fuller at al. (19) 0.339 030I9 

Current 1 	0,329 	A . 0.2960 

tampttt at al. (19147) drew attention to the errors involved in the deter- 

mination of starch by acid hydrolysis. The essentisl reqiirements may be 

listed briefly:- 

- Accurate analysis of the sample, its moisture and its non-starch contentis 

- Complete hydrolysis of the starch to dextrose, 

- Correction for any destruction of the dextrose during hydrolysis, 

- Accurate estimation of the dextrose. 

These workers found that scrupulous attention to these factors returned 

100,7% of the theoretical amount of starch taken, but that in consideration of 

the corrections involved this figure was not significantly different from 100.0%. 

Pirt and Whelan (1951) found the rate of destruction of dextrose by 

sulphuric acid was much less than that reported by Lampitt at a]., (19147) using 

hydrocJiloric acid. At 100°C in 1.5 N sulphuric acid the following levels of 

destruction were found: 

1 hour : on 02% loss of dextrose 

2 hours : ca 1% loss of dextrose 

6 hours : on 3% loss of dextrose 

However, a starch hydrolysis period under these conditions for 1 hour 

resulted in only on 9% starch hydrolysis, and it was therefore recommended 



that the longer boiling periods giving complete hydrolysis, be used and a 

correction factor for dextrose destruction be applied. 

Such a procedure might not appear entirely acceptable since the implied 

assumption is that the total destruction of dextrose produced from starch 

during the time of hydrolysis is the same as the total destruction of dextrose 

from an equivalent dextrose solution. Such "corrections" may account for 

some over-estimations obtained. 

Fuller et al. (19) applied their glucose-calibrated technique to the 

estimation of the starch content of Analaa Soluble Starch. Hydrolysis for 

2 hours in 1.5 N sulphuric acid at 1000C resulted in 98.7 to 99.2 recovery 

of the anhydrous sample taken. This was in the order of the loss expected 

from dextrose destruction under the same conditions. Alternatively, if 

quantitative conversion to and estimation of the glucose produced was assumed, 

this result could be taken as an index of the purity of the starch anhydrous 

sample. 

MacGregor (196.) used AnalaR Soluble Starch to calibrate the method 

directly for starch. The sample was dried in vaeuo at 65 to 70°C for 

12 hours and dissolved in dilute alkali. A series of solu ti -na of known 

concentrations in the range 0,5 to 3 mg/ml were prepared. A linear relation- 

ship between starch and 0.01063 N eerie sulphate was obtained. It was 

calculated that 1 ml 0.01 N eerie sulphate was equivalent to 0.295 mg starch; 

a direct calibration figure with no corrections applied. 

AnalaP Soluble Starch was athin-boiling potato starch in the air-dry 

whole-granule form. It was prepared allegedly by prolonged digestion of 

potato starch in dilute mineral acid at temperatures below the granule-swelling 

range, neutralised, washed and dried • Its consistency-potential was thus 

very much less than native potato starch and it dissolved readily in hot water 
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to give high clarity, largely stable solutions. 

A stock sample from this laboratory was analysed for moisture, ash, 

protein, lipids and crude fibre (by courtesy of Control Laboratories, Wheat 

Industries, Australia, Pty. Ltd., Tamworth, New South Wales) using the methods 

prescribed for starch by A,0.A.C. (1960) and by A.A.C.C. (197). The moisture 

content reported, 1.7 t 0.1%, was not acceptable for present purposes since 

incipient pyrolysis was reported in the samples dried by the A .0 .A .C. method - 

1 hour at 130. Ding in a vacuum (i . Hg) line for 15 hours at 6 0C, as 

normally employed in these laboratories gave volatile losses of 14.9 

ar4 this figure was preferred. 

The routine analysis of Ana1a1 Soluble Starch was accepted as following: 

% Sample 

Loss on drying: 	 14.9 
Ash (00C, muffle): 	 0.19 
Protein (Kjeldahl Nx6,2): 	oA 
Lipids (after hydrolysis): 	0,07 

Crude fibre 	 0,02 

Starch (by difference) 	 8.78 

100,00 

The purity factor of this starch sample was accepted as 0.848. Three 

solutions of stock Analall Starch were prepared by heating the weighed amounts 

of sample in water, cooling and making up to volume. Four 1 ml aliquots of 

each were hydrolysed and the reducing sugars estimated in the usual way using 

water blank estimations. 	The precision of estimation of the lowest starch 

concentration (0.81 mg/mi) was less than for the higher concentrations (2.18 and 

3,27 mg/ml) since the blank estimations were identical for all concentrations. 

Nevertheless, the averaged points gave a straight line relationship for starch 
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versus eerie sulphate consumed; 1 ml 0.0100 N osric sulphate was required by 

0.348 mg sample. Applying the starch purity correction, 0.848, this became 

1 ml eerie sulphate in 0,2955 mg starch. 

This was in agreement with the starch equivalent 0.290,  calculated from 

the dextrose-calibration reported earlier, and agreed also with the factor 

O.29, found by MacGregor (1964). The factor was applied satisfactorily to 

the determinations of concentration of other starches and their fractions, 

after acid hydrolysis. 

Effect of Dime thylsuiphoxide; Solutions of starch and starch fractns, 1.5 to 

7% wAr, in dimethylsuiphoxide were frequently used in this work, and since it 

was desirable to determine the polysacoharide content without prior removal 

of this solvent, the effect of small proportions of dimethylsu1hoxide was 

investigated. 

Known concentration solutions of the pure dextrose and of Analafi Starch, 

in the concentration range 1.5 to 7% (in dime thy1.'ulphoxide weepreparedf 

Microlitre aliquots (28 to 134 J, containing 2 mg of dextrose or starch) were 

metered directly to the boiling tubes. For acid hydrolysis, 1 ml water was 

added followed by 1 ml sulphuric acid, 3 N. The concentration of dime thyl-

suiphoxide in hydrolysis, therefore, ranged from 1.I1 to 6,26% v/v. Aqueous 

citro]s containing the appropriate volume of dime thylsuiphoxide were included 

with each set in triplicate taken for oxidation, with and without the acid 

hydrolysis procedure. 

Nauseous smells arose in heated solutions, no doubt from dimethylsuiphoxide 

decomposition products. Throughout the range studied however, no evidence was 

obtained of significant interference with eerie sulphate titre volumes as cal-

culated from the factors obtained earlier from dextrose and starch solutions 

in absence of dime thylsuiphoxide. 
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Before and after "hydrolysis", the various dime thylsulphoxide, sugar.. 

free solutions gave values which were practically identical with comparable 

dlmethylsulphozide.free 	ta'4olutione; in the present instance, 0.010.0 ml 

eerie sulphate before hydrolysis and 0.06-0,07 ml after hydrolysis. The 

various dime thylsulphoxido.dextroee solutions, hydrolysed or unhydrolyaed, 

reautred 6.07 to 641 ml carte sulphate showing no correlation with dt'nethl-

suiphoxide content. Similarly, the various hydrolysed dime thyleulphcnd.de-

starch solutions reqaired 6.74 to 6.81. ml 0.01 N eerie sulphate; that is, 

within tl of the volume predicted from the factor 0.29, obtained earlier. 

The unhdz'o1ysed starch solutions showed insignificant reducing values at 

this starch concentration. 

(ii) Specific estimation of glucose. 

Glucose, from acid or onsyuiio hydrolysatea, was specifically assayed by 

the glueose-oxidasa method of Fleming and Pegler (1963). Aliquots, 1 ml of 

test solution, adjusted to contain 5 - 10 g dextrose, and similar volumes of 

control hidrolysa  tea, were placed in 15 x 80 ma Eel Colorimeter cells. 

Chromogen-ensyme reagent, 2 ml, were added, thoroughly mixed, and the sealed 

tubes incubated at 3500 for 100 minutes. Each tube was cooled, thoroughly 

mixed with sulphuric acid, 18 N, 2 ml, cooled, and the absorbance in Eel units 

determined using the "62" filter. The measureiients were taken in each case 

after the instrument had been adjusted to mere using the appropriate control 

solution.  

The chromogen reagent was a solution of glucose - oxidase • 60 mg Boebringer 

grade &ODII; horseradish peroxidase, 6 mg Boebringer grade PODU; and 

o - dianisidine hydrochloride, 40 mg, in tris - buffer.. 200 ml, stored in dark 

glass bottle at h°C. Its useful life was 3 - It weeks. 
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The tris - buffer was a solution of tris (2 amino - 2 hydroxymetbyl 

propan - 1,3 diol) 15.25 g, in hydrochloric acid 5  N, 21.5 ml; diluted to 

20 ml; glycerol, 165 ml added; and adjusted to 7.0 p1!. 

Under these conditions, the maltase and 1.6 oligoglycogidase activities 

in glucose - oxidase preparations were suppressed (lamer and Gillespie, 19563 

White and Subers, 1961; Dahlqv'ist, 1961). The dextrose was oxidised to 

glucanie acid and hydrogen peroxide by the oxidase. The peroxidase catalysed 

the oxidation of the o - dianisidine to the corresponding-imine by the liberated 

peroxide. The imine showed a maximum absorption at ca 1420 mi and could be 

estimated at this wavelength, but was more conveniently converted to its 

protonated form by acidification, which shifted the absorption maximum to os 540 m 

The calibration curve, micrograms of dextrose versus Eel Spectrometer 

units (EU) shown by Catlay (196) was linear but did not pass through the origin; 

	

I.L g dextrose 	7.28 EU + 3 

In these laboratories, standard dextrose solutions gave a linear calibration 

curve (Dr. W. Banks) passing through the origin; 

	

g dextrose 	.84 EU 

In calibration with DM50 solutions of dextrose, a linear relationship was 

obtained 

	

p. g dextrose 	EU + 1.3 

which was very nearly coincident with that obtained by Dr. Banks. 

The glucose produced from acid hydrolysis (sulphuric acid, l. N; 2 hours; 

1000c) of Analar Starch, was thus assayed. Acid hydrolysates (2 ml) of known 

starch concentration (0.2 - 1 mg/mi) were diluted with water, neutralised 

carefully (cf. Johnson, et al., 1963) with potassium hydroxide, 0,2 N to pH 6 - 7 
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and made up to 50 ml. Aliquots, 1 ml, (ca 8 - 40 pg starch equivalents) 

were taken for estimation by the glucose - oxidase prooedure, and the absorbances 

converted to starch content, 4.84 EU x 162/180. The starch contents of analogous 
acid bydrolysates, 2 ml; 0.2 - 1 mg/mi sulphuric acid 1.5  N, were estimated by 

the alkaline ferrieyanide method in the usual way, ml 0.01 N eerie sulphate x 

0.296 mg starch. 

The glucose * oxidase method accounted for 99.8 t 1.8% of the known 

starch contents for each of the concentrations in the range 8 - We starch 

per ml. The alkaline ferricyanide - eerie sulphate method accounted for 

10U,15 t  0.95% of the known starch contents in the range 0.8 - 2.0 mg/mi concen- 

tration. (High estimations, 103.2 t 1.3%, of the lowest starch concentration, 

0.4 mg/ml, were obtained.) 	It was apparent that the method used for acid 

hydrolysis of starch involved no significant destruction of the dextrose formed. 

(iii) Enzymic Hydrolysis 

It was established that microgram amcuntc, of glucose were assayed with a 

high order of accuracy by the glucose - oxidase method. This allowed the 

estimation of microgram quantities of starch in solution, after quantitative 

enzymolysis of the starch to glucose. The latter was achieved with variable 

success, using an a.-1,4 giucanase with or without the concurrent action of mi 
at -1, 6-amyloglucosidase. 

Test solutions containing 50 - 100 pg staroh in solution were placed in 

10 ml volumetric flasks and diluted to ca 8 ml with water. Buffer, 1.8 PH, O-a 1 

acetate, O.5 ml, and giucanase, 0,04 nil standard dilution, 1 mg/ml added, with 

water to volume. 

(The glucanase was a semi-purified preparation of 	-1,)-glucan gluoohydrolase" 

ox Aspergillus niger, kindly donated by Dr. I. D. F1ning, Glaxo Research Ltd., 
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Greenford, Middlesex. Its alleged activity was 14 u/mg, one unit being the 

amount of enzyme which liberated 1 polo glucose/minute from soluble starch, 

at pH 4.6, at 370C. Earlier trials by Dr. Fleming had shown that 20 units 

hydrolysed 1 g starch completely to glucose in one hour.) 

The digests were transferred to tightly-stoppered flasks, incubated at 350C 

for 100 minutes, cooled and aliquots, 1 ml, taken to Eel Colóriieter cells for 

estimation of glucose by the oxidase - peroxidase procedure. 

The method found 99,8%,with a precision of 2: 2.0% for replicate digests, 

of the starch present in dilutions of "gel-free" solutions; i.e. starch 

solutions, 0.%, which analytical ultracentrifugation showed little or no 

accretion of material at the bottom of the cell before force fields of ca 20,000 g 

had been attained. Such solutions were readily obtained from dimethylsuiphoxide 

dispersions of maize and amyloinaize starches, and were completely converted to 

glucose. 

Potato and waxy maize starches dispersed in hot water, or in potassium 

hydroxide - phosphoric acid, 0J4 M. or in DM50, consistently showed 94 9% 

conversion to glucose under the conditions given. Higher enzyme dosages 

(os 0.15 ml glucanase) and longer digestion times 0 - hours) increased the 

conversions to ca 100%. A conventionally - fractionated potato ainylopeetin, 

dissolved primarily in hot water or in DM30, was singularly resistant to 

ensymolysis. At the higher enzyme dosage, up to 16 hours digestion time was 

required to obtain 98% conversion to glucose. The rate of lysis was increased 

slightly by the addition of pullulanase, 0.05 ml of standard dilution (p. 5' ). 
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Estimation of JS -and A +Z.Amylolysis Limits 

The method of determination of the limiting percentage conversion of 

polysaccharide into maltose under the action of crystalline sweet potato 

-amylase. and under the action of a mixture of ?-amylase and Z-enzyme, was 

essentially the same as that described by Banks et al, (199a), Banks and 

Greenwood (1963)., The Z-enzyme, a low-ettrity - amylase, was present in 

a eonmieroial preparation of barley a -amylase, (Banks et al., 1960). The 

precision of these measurements was t2%, using the alkaline ferricyanide 

method for the estimation of maltose. 

The amounts of ferricyanide reduced by dextrose and maltose were not 

stoichiome trio ally related. Commerford and Scallett (196) found that 

replacement of the alkali, sodium carbonate, with saturated calcium hydroxide, 

gave a stoichiometry that was relatively constant for dextrose and a wide 

range of its oligosaeohartdes. However, variation in sugar concentration then 

became important, whereas it had little effect on the results when sodium 

carbonate was used. For this reason and for the sake of uniformity, the use 

of sodium carbonate was retained in the present work. 

For calibration, pure maltose in aqueous and in dimethylsuiphoxide 

solutions of known concentrations, was taken in the range 1-4 mg aliquots for 

ferricyanide reduction. A linear relationship of maltose with titre volumes 

of eerie sulphate was obtained, and ardin each case: 

I ml 0.100 N carlo sulphate = 0*425 mg maltose 

This compared with the 0.430 mg obtained by MacGregor (19614). It was noted 

that the acid hydrolysis procedure converted the maltose quantitatively to 

dextrose, since: 

TM  X 0.425 X 2 X 180/3142 = T x 0.329 

Where T. ml 0.100 H eerie sulphate required by n mg maltose, 

H 	it ft 	H 	 II 	 ft 	II Ifif 	it 	after hydrolysis 
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and 0,42, 0.329 were the factors obtained from maltose and glucose cali-

brations, respectively. 

For ready calculation of the percentage of polyssooharide converted 

to maltose by f - or +Z-amylolyses, the ratio of the digest-titration to 

the acid-hydrolysis-titration was multiplied by 136.2, the factor obtained 

from 0.425 x 324 x 100/ 0.29% x 342. 

Digpersion of Starch Granules. 

Studies of the fundamental properties of starch required almost invariably 

a molecular-dispersion in aqueous media. A manifold problem arose as to means 

of dispersing the starch, and subsequently to evaluate the state of dispersion. 

The starch granule is an essentially water-insoluble form of reserve 

energy synthesised by the plant. There appeared to be no naturally occurring 

phase in which the starch molecule was in aqueous solution. 

The phenomenon of swelling, leaching, rupture and dispersion of starch 

granules in aqueous media under the action of heat, alkali, alkaline salts, 

organic reagents and mechanical shear has been discussed; Schoch (1945), 

Kerr (1950), Radley (193). The literature pertaining to the rheology of 

starch at various stages of dispersion has been reviewed (Adkins, 1961). In 

certain solvents, simple dissolution occurred with no evidence of granule 

swelling, (Leach and Schoch, 1962). Swollen granules in aqueous media 

escaped dispersion under mild degrees of applied shear, unless a critical 

starch concentration was exceeded (Adkins, 1962b). The possible mechanisms 

of dispersion of granules might be summarised as follows : 

- Simple dissolution in solvent 

- Progressive swelling of granules, accompanied by 
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- imbibition of solvent medium 

- ox-osmosis of polysaccharide into the medium (leaching) 

- collapse and disruption of swollen granules by shear or 

osmotic pressure or both 

- final dissolution of collapsed granules 

- Combination of dissolution and granule swelling and leaching. 

The ratio of starch to solvent was critical in obtaining and maintaining 

apparent solution. 

In the present work, a number of methods to achieve dispersion were employed, 

Hot water, Water slurries of discrete granules at pH 6-6.5 were heated 

in a boiling water bath in an oxygen-free atmosphere for SO minutes. The 

applied rate of stirring was sufficient to keep the granules in suspension and 

the medium at a uniform temperature. The starch concentration was Initially 

high enough to obtain inter-swollen-granule shear and rupture, and was finally 

adjusted at 900C with hot do-aerated water to concentrations not exceeding 

S mg/mi. 

KOH, O.M. Aqueous slurries of discrete granules at i concentration 

were rendered 0,5 molar in potassium hydroxide. Gentle stirring was continued 

for 30 minutes. 

KOH-11C1. Aqueous slurries of discrete granules were rendered 0,5 molar 

with potassium hydroxide at room temperature with gentle agitation. After 

one hour, these were neutraized carefully to pH 6-6,5 with hydrochloric acid 

and adjusted to concentrations not exceeding 5mg/mi. 

K0H-HCl, heated. As for (iii), followed by heating in a deoxygene ted 

atmosphere at 980C for 20 minutes. 

DM5O-820, Aqueous slurries of discrete granules were centrifuged, the 
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supernatant drained off thoroughly and the granules re-suspended rapidly in 

dimethylsuiphoxide. The concentration was adjusted to suit the viscosity-

potential of the particular starch. in general, potato, waxy-maize and waxy-

rice starches developed palpable viscosities at 1-2% concentration in DM80, 

regular-maize and other oersal starches, 3-4%, amylo-starches ..7%. Higher 

concentrations developed unmanageable consistencies at room temperature. 

The starches were stirred at a rate sufficient to maintain suspension in the 

DM801, or alternatively the sealed tube or flask was rotated slowly in an 

inclined position. Under these conditions, the granules went into apparent 

solution within 3 hours at ambient temperatures. Water dilutions of DM30-

starch dispersions were made, heated or unheated, to concentrations not 

exceeding 5  mg/mi. 

The methods of dispersion, (ii) to (v), and many other methods, could 

be regarded as "pretreatmente" designed to disorganise the granule structure. 

The granule-free starch could be precipitated and re-dispersed in pure water. 

The ease with which this was accomplished appeared to vary with the starch, 

and was greatly dependent an manipulative skill to avoid the formation of 

practically insoluble horny lumps and flakes of "pregelatinised11  starch. 

Non-aqueous starch dispersions (diethylsu1phoxide, formaiuide, etc.) were 

preferably pro-diluted with 1 to 2 volumes of water before adding the precipi-

tating agent. The precipitant, lower primary alcohols or acetone, was added 

slowly with vigorous stirring to give a flocculent starch precipitate. Where 

the formation of gunny coagula was unavoidable, the starch-gum was reduced to 

a friable ponder by persistent working with a glass rod and repeated centri-

fugation and replacement of the precipitant. The final centrifuged starch, 

free of original solvent and moist With volatile precipitant, was washed with 

a minimum of alcohol into vigorously stirred water. 
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The evaluation of the degree or state of molecular dispersion of starch 

required a knowledge or definition of the starch molecule. While it is 

wiiely aocepted that starch consists mainly of two types of molecules and 

several minor molecular-types of intermediate or anomalous properties, it 

to difficult to refute the concept of easily hydrolysabie cross-links between 

these components, as suggested by Sutra (190, 19) and elaborated by Bausr 

and Paosu (193), implying that starch, indeed the granule itself, is one 

enormous molecule, Starch would be therefore infinitely insoluble in water, 

and some other solvent would be required for studies of its solution properties. 

This must remain largely an abstract consideration. The fact remains 

that for most purposes, the morphology and crystallinity of the granule are 

destroyed to a greater or lesser extent, usually in the presence of water, 

and a range of "sub-molecular" species extensively associated or bonded with 

water or other solvent molecules, are formed. These certainly possess dis-

tinguishing properties of interest and importance in the study and use of 

starch, regardless of the concept that they are artefacts of the true starch 

molecule. The mode of formation of these sub-species, however, might help 

to explain differences and contradictions in their amounts, nature and 

properties. The number, mature and intra-molecular situation of the weak 

bonds broken might be very,  dependent on the method used for granule dis-

organization. From this point of view, the unitarian concept of molecular 

starch is well borne in mind. 

The quantitative evaluation of a starch dispersion might be simplified 

then, to some means of showing the absence of starch "super-molecules", 

provided that the method of granule disorganization could be considered safely 

devoid of overt hydrolytic or oxidative scission of the sub-molecular species 

released. 



Solution clarity approaching that of solvent, was a crudely reliable 

measure of apparent solution within a very narrow range of starch concentration. 

It had been shown that for some starches dispersed in hot water, the correlations 

of light-transmission with increasing starch concentration changed from negative 

to positive and back to negative over a 0 to % concentration range (Adkins, 

1962b). Filtration was unsatisfactory due to blinding of filter pores with 

particulate and gelatinized starch. 

Centrifugation was adopted as the simplest direct assessment of dispersion. 

Ccnoentratjons not exceeding S mg/mi were used, and in many oases less than 

I mg/mi. Low force fields, 700 to 15OUE in the manner of Iaoh, MeCowon and 

Schoch (1959). were selected to remove macro-particles. The supernatant was 

removed by careful decantation, leaving ca 10 of the original volume, even 

when no sediment was visible. The difference in starch concentration of 

original dispersion and the supernatant was ascribed to undispersed starch. 

Examination of centrifugal debris was in the present instance under 1bhler 

lighting stained in iodine-potassium iodide, S x 10-3 M, but preferably under 

phase contrast lighting without stain, in the manner of Bechtel (1951). 

Measurement of the viscosities of the dispersion before and after centrifugation, 

in the manner of Leach and Schoch (192) was a sensitive method to detect the 

presence of sub-microscopic oentrifugabk rap- teria1. 

More rigorous examination was carried out at force fields up to 1100000 £ 

in a Spinco Model E Analytical Ultracentrifuge, using 30 mm path-length, 

double-sector cells, in conjunction with a schiteren optical system equipped 

with phase plate optics. Babcock at al. (1960) rated incompletely dispersed 

starch particles as those sedimenting at less than 11,500 (ca 12,500 rpm), 

and possessing an estimated sedimentation coefficient of 1,500 Svedberg units 

or larger. In the present work, particles sedimenting before or on the 
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attainment of a force field on 29,000 (20,000 rpm) were rated as being 

trndisperseri. 

A tentative method of estimation of the completeness of starch dispersion 

was based on the assumption of known p. -amyloly tie conversion limits of the 

component fractions of the starch. Since the rate of p -enzytnolysis of 

undlsporsed or ranu!av 9taroh was lrnown to be very low (Taoh and Schoch, 1961) 

and the digestion of freely available molecular fractions to be rapid (Cowie, 

et al,, 198), it was considered that a completely dispersed starch would show 

p. -- and j4  +Z-enzyme conversion limits close to the values calculated from those 

f the component fractions. 

It was considered tht the final meter of the completeness of molecular 

dispersion of a starch was its ability to be fractionated quantitatively into 

its component parts. Since this procedure was the more time-consuming, the 

mportanco of stability or permanence of the dispersion was emphasised. Degrees 

of instability of various rnarations were assessed variously by centrifugal, 

photometric and enzymic methods. 

Iodine affini. 

The method anapparatus of Anderson and Greenwood (19) developed from 

that of Gilbert and Marriott (1946) was used for the assessment of the iodine 

affinities of starches and starch fractions. 

Some minor modifications of procedure were adopted. The electrolyte, 

2 litres potassium iodide, 0.01 M, containing phosphate buffer 5.85  PH, 0.2 M, 

20 ml, was made up freshly for each potentiometric titration. The iodine-

potassium iodide, 0.01 N, was made up freshly each day from stock decimolar 

solution, and standardised against arsenious oxide, 0,01 N. For more ready 

calculation of the free-iodine molarity in the balancing 1/2-cell, the iodine 
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normality was adjusted to be numerically equal to the cell volume in ml x 10, 

i.e. ca 0.0085  N. Titration bath temperatures, normally 200C, and in the 

range 1 - )°C were controlled to t 0.50C. 

When dime thylsuiphoxide solutions of starch and starch fractions of known 

concentration were used, the required volume was metered by means of a micro-

meter syringe to the clean, dry 1/2-cell and a similar volume of pure DM30 

added to the balancing 1/2-cell. Electrolyte, 80 ml. was added slowly with 

gentle swirling to thoroughly disperse the DM50 solution. This procedure 

was found preferable to the addition of DM50-starch solutions to the electrolyte-

filled cells, in situ, since the stirring rate was insufficient to properly 

disperse some highly viscous solutions. 

Limiting Viscosity Numbers 

For the determination of limiting viscosity numbers, or intrinsic viscosities, 

[rj , the procedure and technique discussed by Greenwood (1964 .) was followed. 

The starch solvent, dimethyisuiphoxide, was examined in more detail for use 

as a viscosity solvent medium. Everett and Foster (199a, b) used this reagent 

extensively in the subfraotionation and phiea1 characterization of potato 

amylose. The effects of additions of water on the physical properties of 

dime thylsuiphoxide,, its density, viscosity and refractive index were reported by 

LeBel and Uoring  (1962). It was hygroscopic, the reaction with water was 

exothermic and the absolute viscosity, 1.99 cps, increased with water addition 

to a maximum, on 3.73 cps at 30 water content. 

Various batchee of 11450 received by these laboratories from the same supplier, 

varied in moisture contents, as determined by the Karl Fischer method, (Mitchell 

and Smith, 198), and in viscosity. The increase In weight of an aliquot of 

2430 stood in a beaker open to atmosphere., sheltered from dust, with time at 
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ambient temperatures,, is shown in Fig. 1 • Its weight increased by 11 in 

200 hours, without reaching equilibrium. The effect of additions of water 

to an aliquot, 20 ml, of tl4SO contained in the suspended-level visoometer, 

on flow times at 2t 0.010C was examined. The viscosity increased 

progressively to 117% of its original value, at 6% moisture content. 

However, when aliquots of 114S0 from any given tightly-stoppered reagent 

bottle were taken over a period of several months, the flow times were found 

constant to 0.02% Further, a given aliquot kept in the viscometer, gave 

identical flow times over a period of 120 hours. The addition of small 

amounts of water, ca 0.01%, had little appreciable effect on flow time. 

For these reasons, the use of 12450 as a viscosity medium was considered 

feasible. The dimethylsuiphoxide sample used showed the following properties: 

Water content 	 : 0.2% w/v, 0.475 w/w 

Refractive Index, 25cC 	: 1.4762 

Viscosity, absolute, 2 0C : 2.02 oentipoisea 

Density, 2 0C 	 : 1.096 g/ml. 

Melting Point, approx. 	: 170C. 

Its flow time - temperature dependence is shown in Fig. 2. The flow 

time at 2 0C was invariably 185* 0.05 seconds. The same visoometer was 

used for all viscosity determinations in DM50. 

For the present purposes, it was considered unnecessary to render the 

DM50 anhydrous in the manner of Everett and Foster (1959b) and indeed 

undesirable, to thereby increase the hygroscopicity of the reagent. 
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Since solutions of whole starches in DM30 were obtained primarily from 

hydrous granules (see method v. under Dispersion of Starch) the added-moisture 

content approached that of starch concentration in these solutions. 	For 

viscosity measurement (and for other purposes) the starch was precipitated as 

described, and the acetone-moist product dried rapidly in a gentle stream of 

anhydrous nitrogen at room temperature. The fine powder was then redissolved 

in fresh DM50 in an anhydrous atmosphere to give polysacoharide concentrations, 

1 - 7% according to starch type as described earlier. 	Branched-type fractions, 

similarly precipitated, usually allowed 1 - 3%, and linear type components 2 -Ii% 

concentrations in DM30 without the development of unmanageable degrees of vis-

cosity. The precipitated and dried starches and fractions dissolved 

comparatively very cpiokly in DM requiring only 5 - 10 minutes initial stirring. 

These ("DM80211 ) solutions were added in 20 * 400 ii increments to 20 t 0.01 ml 

11430 in the suspended-level viscometer, i.e. the viscosities were determined by 

the increasing-concentration method (Greenwood, 1964). The treatment engendered 

no degradation, viscosity-wise, in amylose. 	An smylose, of known limiting 

viscosity number in KOH, 0.1 H, was precipitated in acetone and dissolved in 

DM30, twice, reprecipitated and dissolved in KOH, 0.15  H. Its limiting 

viscosity number was unchanged (detailed results under "Studies on Potato 

Starch"). 

Chain-length Determinations. 

Two methods, periodate oxidation and the enzymic procedure, were used for 

the estimation of chain-lengths. The methods were applied to branched-type 

fractions and shorter chain-length linear materials; no attempt was made to 

evaluate the average lengths of whole starches. 

Periodate oxidation, 	Non-reducing end groups of the (*, 1 - 6 linked 



chain in amylopec tin were assayed by an adaptation of the method of Potter 

and Hassid (1918). Oxidation of amylopootin solution, O.% in sodium 

metaperiodate, 0.01 N was carried out at 20C in darkness. Apparent equilibrium 

was attained in 25 hours. The formic acid,ijroduoed from the carbon - 3 atom of 

the non-reducing end anhydrogluoose unit, was estimated iodometrioally (Hay, 

et al., 1965). The two extra molecule a of foxnio acid produced by the reducing 

end-group of each branched molecule were not significant. Assuming oxidation 

of all and only the end-groups, the average chain length of pure ainylopso tin 

was obtained from the ratio of moles of polysaccharide to moles of formic acid 

produced. If the sample was known to be purely linear, the chain-length would 

be calculated to be three tines this figure. Corrections could be made for 

an amylopeotin polluted with sniylose, if the amount and chain-length of the 

amylose were known. The estimation of the amount and chain-lengths of linear 

material in some amylopootins was difficult. The chain-length, calou]a ted as 

an amylopeotin neglecting the unknown linear component, was equivalent to: 

(A + B)/1,62 x (3&/1.62 1'A + B/1.62 I) 

where A B tug of linear and branched components respectively, LA , Ij 	true 

average chain lengths of the linear and branched components respectively, and 

the parenthesised term of the denominator was equivalent to titration volume 

of formic acid in ml, 0.01 N produced from the oxidation of (A + B). 

In the present studies, reasonable precision of periodate chain-length 

estimations was obtained, although the possibility of over-, under-, or 

preferential oxidation of the polysaccharide often laid doubt on the accuracies. 

Enzymic Procedure. 	On the assumption of a statistical probability 0.5 

that any given chain in an ainylopectin or glycogen molecule contained an odd 

number of glucose units, Whelan (196), Abduflah et al., (1966) presented a 
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sensitive method for estimation of average chain-length. The method appeared 

more reliable than the periodate procedure and a smaller amount, 10 mg, of 

sample was required. It was analogous to the phosphorylase - 1116 - glucosidase 

method of Illingworth, et-al. 192). The 1,6 - linkages were specifically 

hydrolysed by the extraoellular enzyme, an 'amylopectin 6-g1uoanohydro1ase' (Anon.))) 

from Aerobacter aerogenes (Bender and Wallenfels, 1961), pullulanase. Its 

action and specificity were closely 3imilar to the plant R-enzyme complex of 

Hobson et.al. (191). Under the concurrent action of -amylase,, which 

prevented steric hindrance of the pullulanase, the chains were quantitatively 

converted to maltose and glucose. Thus, one glucose molecule arose from each 

of those chains containing an odd number of glucose units, and assuming random 

distribution of chain length, these were half the total number of chains. 

In the procedure adopted for enzymolyais of the branched fraction, digests 

of 10 ml containing ca 10 mg sample were prepared. When in DMSO -solution, 

the required volume was introduced into the dry flask with a micrometer syringe 

and mixed thoroughly with glycerol : water (21) 6 ml. (Pure glycerol was of 

high viscosity and difficult to meter with accuracy.) Crystalline , -amylase, 

0.7 ml. of standard dilution (sweet-potato p-.amylaaa, Worthington Chemical Co., 

0,25 ml suspension; glutathione S n4, 2 ml; acetate pH 1..8 buffer, 0.2 M, 1 ml; 

water to 10 ml), and pullulanase dilution, 0.3 ml (pullulanase, by courtesy of 

Professor W. J. Whelan, 3 mg/ml in phosphate - 6.8 pH - buffer, 0.02 M) were 

added followed by acetate pH 5 buffer, 1 ml, and water to 10 ml volume. The 

digests were incubated at 3 0C. 

In the present laboratories, glucose production reached apparent limiting 

values after tiC) hours incubation. Routinely, 48 - 5.5 hours were allowed for 

debraric1iing and lysis of the chain to maltose and glucose. The activity of 

the a,.-glucosidase (or maltase) contaminating the p -amylase (Lee and Whelan, 1965) 



was inhibited by the glycerol. 

Aliquots of 1 ml were taken for the specific assay of glucose as described 

earlier4 . • 	In a number of oases, aliquots of 2 ml were taken from the 

same digests and the total reducing power in terms of eerie sulphate determined. 

After correcting for the assayed dextrose content the reducing power was cal-

culated as maltose and the sugars, dextrose plus maltose, accounted for 99.6 *. 

1.4% of the polysacoharide taken. With certain linear and intermediate star oh 

fractions, however, only 80 - 90% of the polysaccharide could be accounted for 

in this way. In these cases, the apparent chain lengths were calculated on 

the amount of polyssooharide represented by the estimated glucose and maltose. 

A comparison of the average chain-lengths of some starch fractions, 

determined by each of the above methods, is shown on Table 11 . The estimations 

of chain lengths and iodine affinities on cereals other than maize, were carried 

out by Dr. 'W Banks. The low iodine affinity (<1%)  samples were amylopectina 

and the two methods gave good agreements, except perhaps for the waxy maize and 

the potato estimations. 

The aprarent chain length or degree of polymerization (DP) shown for the 

amylomaize amyloses, were the results of a preliminary and tentative attempt to 

assay the DP of linear molecules by the enzymic procedure. A five - fold 

increase in polymer concentration was used in the pullulanase digests of these 

materials, in order to yield reasonably high (as 1 EU) absorbanes readings. 

This approach to the assessment of chain length of purely linear -1,4-aldohexosans, 

DP not exceeding ca lo3l  was elaborated by Dr. Banks with considerable success 

(Banks, 1966). 



52 

Table 11 

A Comparison of Average Chain Lengths 
of some Starch Fractions Assayed by 

the Periodic and Enzyiuio Methods 

Iodine 
affinity 

Chain-length 
Periodate Enzymic 

Sample () Method Method 

Barley' 1  0.60 20 20 
Maize2  0.10 27 214 
Oats1  O.0 18 19 
Potato1  0.02 26 22 

Waxy maize2  0.014 23 17 

Wheat1  0,0 20 21 

Amylomaize2  2.30 38 314 
Amylomaize2  14.20 37 45 
Amylomaize3  0.12 nd 27 

Amylomaize3  0.19 28 27 

Amylomaize14  20.8 nd 2140 
Amy1omaize1  20.2 nd 20 

1 	Amylopeo tin prepared by removal of the tiymo1-amy1ose complex 
from aqueous starch dispersions. 

2 Amylopeotin prepared by removal of the butanol-amylose complex 
from aqueous starch dispersions. 

3 Amylopeoting prepared by rønra1 of the iodine-complex from 
Amylomaize2. 

Amylose (butanol..comploxing). 

not de termined. 



SECTION 3, 

STUDIES ON POTATO STARCH 
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STUDIES ON POTATO STARCH 

From the literature it appears that considerably more study has 

been applied to the starch of the potato tuber than to starch from any 

other single source. The reasons for this are not hard to find; the 

tuber is of widespread availability, and the starch is very readily 

isolated from it in reasonable yield and purity. Potato granules, from 

laboratory isolations or from commercial suppliers, are usually discrete 

and slurry readily in cold water with little or no occlusion of air. 

On heating in water the starch appears to disperse readily and completely, 

giving an apparent solution which is solvent-clear or only faintly opalescent. 

The preparation is relatively stable on co$iing, showing little tendency to 

retrograde or gel at low (<1%) concentrations in water. 

In the present work, various aspects of study which were concerned 

mainly with cereal starches, were also referred to potato starch and its 

fractions as a means of comparison. The results of these incidental 

findings on potato will be discussed in this section. 

The starch was isolated from Solanum tuborosum var. "Pentland Crown" 

tubers, and the amylose and ainylopeotin fractions prepared according to 

the methods described by Banks, Greenwood and Thomson (1959b). Similarly 

prepared starches and fractions, aged under various conditions, were also 

available. 
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iapersion 

As has been discussed by Greenwood (1956) and earlier in this thesis 

it is difficult to establish a suitable criterion for assessing the effectiveness 

of any solubilising technique. Defatted potato starch was dispersed in water by 

various means 	A measure of solution was obtained by estimating the 

starch remaining in the supernatant after centrifugation, and an indirect 

measure of solution was inferred from the lability of the starch to the action 

of  p' 'amylase. 

The results are shown in Table 12. The degree of solution, defined by 

mild centrifugation varied; 9 16% of the starch was Undissolved by 50 minutes 

at 980C, or by potassium hydroxide 0.5 M. These sediments were in the form of 

clear soft gels and showed a mass of ruptured granule sacs, swollen granules 

and occasional small, birefringont granules. The amount of centrifugal material 

was reduced to 2.5 - 6% of the original starch by heating the neutralized 

alkaline dispersions, and to less than 1% by heating aqueous dilutions of 

diinethylsulphoxide solutions. 

The degrees of conversion to maltose by p -amylase and A+ Z-enzyme under 

identical conditions (16 hours, 3500 were generally correlated with the apparent 

degree of solution. It was noted that the values 62%, 65% obtained for the[J, 

Er 4.ZJ,resPectively of the dimethylsuiphoxide dispersed Pentland Crown starch, 

were very nearly equal to the values calculated for a mixture of 20% aniylose 

and 80% amylopectin; or, in other words, the hypothetical limits for a whole 

potato starch, ignoring the presence of anomalous or intermediate components. 

The older, air-dry "Redskin" starch was, to a small but consistently 

repeatable extent, less completely dispersed and less labile to the enzyme than 

the undried "Pentland Crown" starch. The use of dimethylsuiphoxide gave an 

almost complete dispersion yet the p-limits remained slightly less than the 
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Table 12 

Potato-starch Solubilities and -Tiiii ta 
after various Methods of Starch Dispersion 

Method of dispersion' 

(iii) (iv) (v) 
H90 KOH KOH/HC1 KOH/HC1 tS0/H20 

Potato 9() 0.5 N 0,2M 980 	- - 980 	_1 

Sample2  
Solubility 88 90 91 97 99 

5 55 - 58  61 62 

- 61 64 6 

Sanipi e3  

Solubilityh 84  89 87 94 99 

- 8 60 60 

- 60 63 63 

1 Methods of dispersion are described in General Experimental Methods. 

2 Granules of "Pentland Crown" starch, stored in toluene-saturated 
water, 6 months at 5oC. 

Granules of "Redskin" starch stored in dry state at ambient 
temperatures, 24 months. 

"Solubility" determined by centrifugation, ca 900 g, 20 minutes; 
and concentration of starch in decanted supernatant expressed 
as percentage of starch concentration in original dispersion. 

Cfr.2 ; C +z7 	starch converted to maltose by pure )B-amylase; 
concurrent action -amylase + Z-enzyme. 
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comparably prepared "Pentland Crown" starch. 

The problem of enzyme lability, as influenced by degree of polysacoharide 

dispersion which in its turn appeared to be affected by origin, ageing 

conditions and physical state of the polysacoharide, was complex. 

A number of potato starch fractions of known history were dispersed in hot 

water (i) and the -limits determined • Where these were unusual, the sample 

was further dispersed by methods (iii), (iv) and (v) and the amylase limits 

re-determined. The results are shown in Table 13• 

Amylose 1 was a linear - type fraction in the form of the butanol-complex 

and dried from butanol. On immediate re-solution in hot water, its amylase-

limits were unchanged (Dr. W. Banks), After nine months ageing, however, the 

sample was virtually insoluble in hot water. Apparent solution was obtained 

in potassium hydroxide and the neatralised preparation showed. conversion levels 

considerably less than the original. These were increased by heat treatment, 

but fully restored only by heat treatment of aqueous dilution of its dime thyl-

suiphoxide solution. 

On the other hand, undried butanol oomples, amyloses 3 and 1, stored at 

ambient temperatures were readily soluble in excess water and showed no change 

in amylase conversion limits. A comparable sample, aniylose 2, stored at 50C 

for six months was incompletely dispersed in hot water and showed reduced limits. 

These were virtually restored by dispersion treatments (iv) and (v). The freeze-

dried smylopec tin showed no significant change in amylase-limits after ageing at 

room temperatures and these were independent of methods of dispersion. 

It appeared then that a slow but radical change in dispersability occurred 

on aerobic ageing of the linear material, Pnd to a lesser extent on anaerobic 

ageing at low temperature, The pure -amylase lability was affected to a 

slightly greater extent than the P +Z--enzyme lability. 	The labilities were 

fully or almost restored by dimethylsuiphoadde treatment. 
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Table 13 

Effects of Storage Conditions on 
8 -limits of various Potato-starch Fractions 

Potato 
-fraction1  

Physical 
state 

Storage at Method of 
Di persion2  

2 
[Jij z 1 2 

Oc months 

Amylose 1 dried 15-'20 0 Ci) 95 100 
butane?- 9 (i) insoluble 
complex (iii) 80 89 

(iv) 87 97 
(v) 95 100 

Amylose 2 aqueous 5 0 (i 90 10. 
butanol 6 (i) 81 92 
complex (iii) 814 97 

(iv) 89 100 
(v) 88 99 

Amylose 3 acieous 15-20 0 ci) 100 1.00 
butanol 140 (1.) 100 101 
complex 

Amylose 14 aqueous 15-20 0 Ci) 883 
883  

10O 
butanol 6 (1) iQO 
complex 

Amylopeotin freeze- 15-20 9 U) 514 55 
dried  514 55 
solid  55 55 

 55 55 

1 Prepared as indicated by Banks,et al. (1959) 

2 as in Table 12 

3 Results from Geddes., et al. (19614). 



Ui tracentrifugation of potato starch dispersions 

Primary solutions of hydrous granules in dimathylsulphoxide (DM801) and 

re-solutions (T24802) were prepared as described in Experimental Methods, and 

adjusted to 0S starch concentration. These were examined in the ultra-

centrifuge at 200c by courtesy of Mr. Hourston. 

The development of a deposit building from the bottom of the cell during 

acceleration was rioted as the presence of'el" or undispersed material. This 

was distinct from the fast-moving peak representing the high-molecular weight 

amylopootin. The sedimentation coefficients of the components were calculated 

(Schachman, 199; Williams, 1963) from sohlioren diagrams photographed at 

equal time intervals. P. solution of potato snylopectin was similarly examined. 

The findings were compared with earlier results obtained in these laboratories, 

Table 

The limpid DM801  starch solution contained uridispersed materials. The 

DM802  solution appeared to be completely dispersed and showed two major fractions 

of distinct sedimentation velocities; S was comparable to that of fractionated 

potato axnylopectin, ref. 1, and S was comparable to that of the slow-moving 

component of DM302  solution, ref. 2, and to that of potato amylose at 0.% 

concentration in K, ref. 3. 

The comparatively low sedimentation velocity - low iodine affinity fraction, 

which constituted a sizeable, ca 10%, proportion of potato starch, ref. 14, was 

indicative of the broad molecular weight distribution of amylopectin (Stacy and 

Foster, 1957 Erlander at. al. 196), and showed the difficulty of ultra-

centrifugal analysis of the strcc turaily-different components of potato starch. 

Further comparison of results listed in Table1 were not valid, but from 

the aspect of starch dispersion and degree of resultant molecular heterogeneity, 

they suggested interesting avenues of study. 
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Table l)+ 

Ultracoritrifugation of Potato Starch and Fractions 

Ref 

Note) 
Sample Solvent 

Mediumw/v 
Conc. Apparent 

gel fast (') slow (5) 

WStarch i1IS0I 0.5 App., 5.5 2.3 
(1) Starch I)MSO2  0.5 Not app. 17.3 2.1 
(i) Amylopeotit ['IS0 o.5 Not app. 16.9 - 

(2) Starch DM502  0.4 Not app. 9.3 2.4 
(2) Starch (DM50 )/Ko}I 0.4 Not app • 73 8.2 

(2) Starch (N113)/1,420 0,4 Not app. 8u 20 

(3) Amylopeotin KOH, 0,2 N 0.5 < 10% 25 - 

(3) Amylopeotin NON, 0.2 N 0,05 <i 10% 130 - 

(3) Amylose NOR, 0.2 N 0,5 10% - 2.8 

(3) Amylose KOR, 0.2 N 0.05 < 10% - 7.5 
(h.) Amylose NOR, 0.2 N (6) - 12.5 

Arnylopeotin NON, 0.2 N (6) - 200 - 

(14 ) (7) NOR, 0.2 N (6) - 11.3 )  

(i) Current, by courtesy of D. J. Hour8ton. 

MacGregor (19614). 

Bryce et a].. (1957). 

(14) Cowie and Greenwood (1957). 

Sedimentation coefficients x 1013 sec at 200  calculated from 
fast and slow-moving peaks. 

Studies at a series of concentrations, and S corrected to 
zero concentration. 

Fraction from supernatant of first butanol re-crystallization 
of thyrnol-ooniplox and representing 10% original starch weight; 
iodine affinity: 0.14%. 
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Viscosities in P imethylsuiphoxide. 

The estimation of limiting viscosity numbers using dimethylsulphoxide as 

the continuous medium, as described in Experimental Methods,, was applied to 

potato starch and its fractions. Flow times were recorded in the concentration 

range 50 - 700 I1/m1. 

The plots of 1 p  /0 versus o are shown in Fig, 	, and the limiting 

viscosity numbers, with the estimated Huggins'j constants are listed. below : 
Tb1e 15 

Potato L 1 
mug 

Huggins' 
- 

Starch 266 2,82 

Amylopectin1  196 2.16 

Total Amylose2  224 0J40 

Linear Aniylosa3  171 

1 Freeze-dried fraction, after removal of thymol-complexing material. 

2 Butanol-.00nplexing fraction, after di: -ierion of starch at 980C. 

3 A fraction completely labile to pure p -amylase, leached from the 

same starch at 60°C (Dr. W. Banks). 

The apparent limiting viscosity number of the whole starch exceeded those 

of both its major fractions. The slope of its fl5 /Cversus c curve, Fig. 3 , 
(reflected by the Huggins' constant) was also larger than those of its components. 

This starch dispersion had shown rapidly sedimenting material in the ultra-

centrifuge, and this was interpreted as "gel". From the unitarian concept of 

starch structure, it could of course be regarded as containing the undegraded 

super-molecules of starch, the viscosity of which exceeded those of its "sub-

molecular" components. 

It was noted that the ratios of 'DMSO : 	for the smylose 
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fractions were 0.7 - 0.8. Ratios of 0.6 - 0.76 were deduced from the results 

of Everett and Foster (199b) from their limiting viscosity numbers of potato 

amyloses in DM30 and in KC; while ratios of 0.76 - 0.8 were observed 

from the results of Cowie (196). 

Since viscosity measurements provided a sensitive means of estimating 

relative molecular sizes (Greenwood, 196).), the following exercise was designed 

to determine if the procedure of solution, precipitation and re-solution in 

dime thylsulphoxide engendered molecular degradation of the polysaccharide. 

The limiting viscosity number of a freshly prepared, butanol complex of 

total potato amylose, in potassium hydroxide 0,15 M [,.JKOH1 , was determined 

in the usual way (Mr. Hours ton). The amylose-complex  was dissolved in water, 

quantitatively precipitated and dried using acetone and anhydrous nitrogen. 

The amylose was dissolved In dimethylsulphoxide and the viscosity in dimethyl- 

suiphoxide, 	DMSO etermined. 	The amylose was precipitated from DM901  

solution, using water, acetone and anhydrous nitrogen as before, and re-dissolved 

in iso. Its viscosity, [1JDM30i2yas determined. 

The DM502  solution was diluted, 20 times, with butanol-saturated water at 

roan temperature. 	There was rapid, quantitative ( >9)  complex formation 

which was centrifuged down, dissolved in water and re-complexed with butariol. 

The amylose complex was dissolved in potassium hydroxide 0.1 , and its viscosity 

[jK0112 determined as before. 

The results shown below, indicated that no degradation of the amylose had 

occurred: 

MIA 
[]K0H1 	

: 280 
DMS01 	: 22 

[JDMSO2 	
: 222 

[,.!JKOH2 	: 288 



Z-1. 

It was noted, however, that the precipitated and dried amylose, preparatory 

for both DM501  and DMSO2  solutions, could not be brought into qMnpLete solution 

in potassium hydroxide U.15  N, by stirring, standing at 60C overnight, or by 

shaking 24 hours at room temperature. 	Dispersion in hot water, followed by 

addition of the alkali while hot and filtration (grade 3 sinter-glass) gave a 

turbid suspension. 	Its limiting viscosity number in 0,15  H KOH was 82. 
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Iodine Affinities of Potato Starch in D?1S0 

Potato starch, amylose and amylopectin were dispersed in (i) potassium 

hyIroxide, 0,5 N and neutralized with phosphoric acid to pH .8; (ii) dimethyl-

suiphoxide; and titrated potentiomotrically with iodine at 200C 

The differences in the absorption isotherms, Fig. j+ , arising from the 

method of dispersion, could not he regarded as sintfioant, although there was 

a small and ccnsi tent tendency of the amylose by diaoerslon (1), to commence 

absorption and complex formation at lower levels of iodine concentration than 

by dispersion (ii). 

Kugo and Ono (1960) found that neutral salts aided complex formation. 

Increase in concentration of potassium chloride increased the wavelength of 

maximum absorption. 

The n1arity of potassium orthophosphate incurred by dispersion (i) was only 

ca 0.003 in the titration coil; and at the conclusion of the titration the wave-

length of maximum absorption was little different from that of the DM50-dispersed 

titration, The iodine affinities obtained by extrapolation to zero free iodine 

concentration and the approximate wavelengths of maximum absorption were as 

follows 

Table 14 

I.A.(%) 1max (m p) 

i) (ii) U) (ii) 

Araylose 19.6 19.8 627 623 

Starch 13.1 14,3 61 612 

Ai..00ectin 0,1 0.1 u 0 

Thus the dispersion of potato starch and its fractions in either KOH or DMSO and 

subsequent titration (effectively in potassium salt, 0,003 H, or in DM50 not 

exceeding 0.0 N) with iodine, had little effect on the degrees of iodine 

absorption. 
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Effect of Temperature on Iodine-absorption Isotherms 

On warming an iodine-complexed polysaooharide, the colour fades,diaappears 

and reappears on cooling. 

Miorolitre aliquots of a solution of potato amylose in 11430 were titrated 

potentioinetrioally with iodine after adjustment of bath and electrolyte to 

various temperatures in the range 5  to  400C.  The family of absorption isotherms 

obtained, Fig. 5 , showed the following characteristics: 

The bonding or complexing of iodine with the polysacoharide commenced 

at progressively lower iodine concentrations with decreasing 

temperature of titration. 

The rate at which the polyeaooharide complexed with iodine with 

increasing iodine concentration, increased with decreasing 

temperatures of titration. 

The limiting levels of complexed iodine finally attained by the 

polysaccharide showed remarkably email variation. The iodine 

affinity of aniylose of this DP, appeared to be independent of 

the temperature of titration, in the range studied. 

These observations were in accord with Dube (1917) who found the maximum 

absorption of iodine by aniylose to be little affected by temperature, in the 

range 0 - O°C, and with Kuge and Ono (19E0b), who found the potential of 

amylose-iodine-iodide systems to increase with increasing temperature. 

Information derived from the curves in Fig. q , allowed the determination 

of the heat of formation () of the starch-iodine complex and a value of 

l.li Koal/mole iodine absorbed, was obtained (Mr. T. Tracey). This was in the 

range of values - 11 	-19, found by other workers (Dube, 197; Gilbert and 

Marriott, 1918; Hollo and Szejtli, 198) for enthalpy changes below 30C. 
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It was in close agreement with the values, 	-15.8, -15.3, found for 

leached amyloses of potato, maize and sweet-potato, respectively, found by 

Kuge and Ono (196)b) at 160c. The latter workers found the enthalpy change 

increased with increasing temperature and obtained -20.8 Kcal. at 500C. 



Iodine bindi_behaviour of degraded potato amylose; an observation. 

A linear potato ainylose was dissolved in DM50, 2% w/v, diluted with 

3 volumes of water, 0.02 M pH 5.5, divided into three parts, and adjusted to 

350C. Two parts (i), (ii), were treated with ctamy1ase (Sigma Chemical Co. 

preparation from B. subtile; ijig/lo mg polysaocharide). One part (i) was 

sterilised rapidly by live-steam injection and continued-heating for 10 flZtflute8 

in a boiling water bath, after 30 minutes incubation at 350C. The other part 

(ii) with the control solution was sterilised after 50 minutes incubation. 

Aliquots of each solution were treated with butan-1-ol, 0.08 volumes, at 60°C 

and cooled slowly overnight. The proportions of complexed material 

estimated. 

The balance of each sterilised solution was cooled rapidly and the acetone - 
(70% v/v)- precipitable portions drled,and re-dissolved in DM50. The limiting 

viscosity numbers in DM80 were determined: 
Table 17 

Amylose Sample 
Butanol 

complex, % 
['LI DMsO 

ml/g 

Undegraded control 914 105 

c- degraded, prep. 	(i) ca 	5 19 

ez - degraded., prep. (ii) ca.. 	1 II 

Aliquots of known polysaccharide concentration in DM50 were taken for 

potentiometric iodine titrations at 200C and 20C. The curves obtained are 

shown in Fig. 6 a (200C) and Fig. 6 b (20C). 

(Enzymolyais of the amylose had occurred to a degree which appeared to be 

remarkable in the presence of 25% v/v DM30.) 

The degraded products showed greatly reduced abilities to complex with 
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iodine at 20°C. Estimations of iodine affinity by extrapolation, Fig. 'a, 

were highly inaccurate (i), or not possible, (ii). 

Titrations at the lower temperature, Fig. 'sb, showed for each sample that 

the reaction with iodine was initiated and progressed more rapidly with increasing 

iodine concentration, than at the higher temperature. These effects had been 

noted earlier with the total amylose from potato starch. The limiting iodine 

binding levels attained by the linear and total amylose samples were comparable 

and independent of the temperature of titration and independent of the vieoo-

metric difference in molecular size. 

On the other hand, the degraded products, of molecular sizes encompassed 

by the limits of butanol-complex formation and aoetone-precipitability, showed 

limiting iodine-binding levels which appeared to be dependent on both molecular 

size and temperature of titration. The isotherm of the lesser-degraded amylose 

(i) allowed extrapolation to zero free iodine concentration with reasonable 

precision; extrapolations of the degraded sample (ii) were much less precise. 



SECTION I. 

STUDIES ON BAIZE STARCHES 



STUDIES ON MAIZE STARCHES 

Dispersion of maize starches. 

Inadequate degrees of dispersion of regular maize starch were shown by 

Montgomery and Senti (198), and (ii) Babcock 	j.(1960) as summarised 

below * 

Table 18 

Ref. iethod of Dispersion 
Starch % 
Conan, 

Meter of 
Solution 

"Solution" 

(1.) water, 980  for 90' 2 20000 1, 30' 17 

 Water, 980  for 120' 1 1l,00 29 

(ii) Water, 120° for 180' 1 11,U 31 

(ii) As above/NaOH N. 250  1 11,00 hi 

(ii) miyJater, 980  for 120' 1 11,0O 62 

(ii) Water, 980, 120' + high shear 1 11,00 11 up to 90 

A preliminary study of the dispersion of a defatted smylomaize starch (HA 7) 

in hot water, Fig. 7, confirmed its high degree of insolubility. The starch, 

maintained at a constant concentration O,% in distilled, nitrogen-sparged 

water at 980C, was sampled at noted times. The samples were cooled rapidly, 

centrifuged immediately, ca 900 g and the polysacoharide concentration of the 

clear supernatants determined. Some 24% of the granule substance was leached 

very cpiokly, < 20 minutes, into solution, and this level remained virtually 

constant - for up to 10 hours at 980C. The solubility increased slowly - 

thereafter to ca O% in 50 hours; it was assumed that heat-degradation was 

taking place. The undispersed material centrifuged down more readily and 

shoved flVOh heavier populations of birefringent and unswollen granules than 

oomparab1y.treated regular maize. 
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Although the supernatants were solvent-clear and of lower starch oontert 

than the slightly turbid regular maize supernatant, they developed degrees of 

turbidity and flocculation greatly exceeding that of the regular maize super-

natants. 

Other methods of dispersion, as outlined in General Methods, were applied 

with minor variations to the maize starches 	The degrees of solution obtained, 

as determined by centrifugation, are shown in Table 19  in conjunction with 

the following observMiorls1 

(1) Incomplete degrees of solution were shown by all maize starches treated in 

hot water directly at 0.5% concentration. (2) Preliminary hot water treatment 

at higher concentrations, followed by dilution to O.% and continued heating for 

a total of SC) minutes, gave complete apparent dispersion of the waxy starch and 

improved that of the regular-maize starch. Hot water pretreatment of the 

amylomaize starches - which developed little or no palpable consistency at 

concentrations as high as 3u% - was of no significant advantage. 	(3) Potassium 

hydroxide, 0.2 M, was patently inadequate for amylomaize dispersion; 0J.t N 

appeared to be marginal, while (14) 0,5 to 1 N KOH gave visually clear dispersions. 

(5) The solubilities attained by the regular and amylomaize starches in alkali 

were reduced by neutralization and overnight ageing. (6) High levels of 

apparent solubility of all maize starches in DMSO were obtained. (7) No 

reduction of solubility oocu'red on ageing of the DM80 solutions. (8) The 

non-granular starches, precipitated and freed of DNSC), were difficult to disperse 

in hot water without the formation of variable quantities of visually insoluble 

flakes and particulates. The levels of solubilities shown in Table iq are 

the highest obtained in a series of replicated tests. The maize and amylomaize 

starches showed higher solubilities than those obtained from granules dispersed 

directly in water. (9) The solutions, particularly the amylcmaizes were 
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Table 19 

Starch Dispersions1  0.5% w/v: Apparent Solubility'. % w/w 

Text 
note Dispersion Method 

Initial % Starch 
Waxy 
Maize Maize 

Amylomaize 

HA 57 HA 70 HA 7S 

(i) Water; 980, 50' o.5 72 

-- 

68 34 25 211 

 Water; 980, 50' 4 - 15 99 85 38 30 25 

 KOH, 0.2 M; 200, 16 hrs. 0.5 90 72 49 - 
(11) K0H, 0.5 N; 2000  16 hrs. 0.5 911 96 97 95 - 
(5) KOH, 0.5 M/KCl, 0.2 N; 200 2  16 hrs. 0.5 911 87 27 20 29 

(6) DM50; 200, 5 hrs. 2 - 7 95 98 99 99 99 

(7) (6) - aged 10 days 99 99 99 99 99 

(8) (6) - pptd; 	water, 980, 50 97 93 89 85 85 

(9) (8) - aged 20 hrs. 0.5 97 79 - 20 18 

1 Solubility: po1yaacohar1ie remaining in filtered, (grade 3 sinter) 

centrifugate (90U .&,, 20'), as percent of original polysaooharide 

concentration (S mg/ml). 
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unstable. It was noted that the development of turbidity was accelerated 

when aged overnight at reduced temperatures, and retarded by storage at 3 0C. 

It appeared then that with the exception of the waxy starch., all aqueous, 

neutral dispersions showed incomplete solution, as defined by mild centrifugation. 

The "complete" solutions in the non-aqueous, neutral medium, dimethylsuiphoxide, 

were examined more rigorously in the ultracentrifuge. 

Ultracentrifuation of ma ize-starch-DNSO dispersions (with Hr. floureton) 

Preliminary studies of primary and secondary solutions of maize starches in 

.4S0 in the ultracentrifuge wore carried out to detect the gross oresence of gel 

or "undispersed material". Where feasible, the sedimentation coefficients were 

calculated. All solutions were optically clear and readily passed grade-3 

Sinter-glass. In some cases, filtration was slow and material was arrested by 

grac1e-4 Sinter-glass. This was frequently associated with the appearance and 

non-appearance of rapidly sedimenting material in the ultracentrifuge, before 

and after filtration. Since total dispersion of the total starch was sought 

in the ultracentrifuge, it was contradictory to remove variable quantities of 

unknown constitution, by filtration. The results of some preliminary examinations 

of maize starches (concentration 0., in 30 mm s/s cells, 3340 rpm at 2000), 

listed in Table 20  showed that DM80-dispersions were visually free of gel only 

after filtration. There was,however, a trend to lesser amounts of gel by the 

re-solution procedure. 

Quaternary solutions (J43%)" of the amylostarches were prepared and found 

to be free of visually detectable gel at speeds up to 50,7I.0 rpm, in double sector 

cells. The starch concentrations in those solutions were carefully determined 

by eerie sulphate procedure and compared with the concentrations calculated from 

soblieren-pattern areas (as discussed in Beckman - Spinco Technical Bulletin 
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Table 20 

Preliminary Ultraoentrifugations of Starch - DMSO Dispersions 

Maize 
Starch Solution 

Apparent 
gel 

(1) 
f 

(1) 
a 

Waxy DMS01, fresh "all gel" - - 
DMSO1, aged 3 weeks "much gel" - - 
114502, fresh "much gel" - - 
DM5020  filtered G4 not apparent 17.2 - 

Regular fresh apparent - - 
DMSO1, aged 3 weeks apparent - - 

fresh, filtered not apparent 9.9 2.4  
DM502/KOH/KC1, 0.2 N not apparent 38.7 8.9 

HA 57 aged apparent - 1.55 
t14S01/KOH/KC1, 0.2 M apparent - 3.1 

343021  fresh, filtered not apparent 

HA 62 DM802, fresh, filtered not apparent - l. 

HA 67 DM3021  fresh, filtered (slight) - 2.3 

MA 70 DM802, fresh, filtered not apparent - 1.3 

DM8020  fresh apparent - 1.33 

0MS02/K0H/XC1, 0.2 M apparent - 4.65 

HA 75 fresh apparent - 1.146 

ftAmylos&7(2) DM302, fresh not apparent - 	- 1.142 

(1) Sedimentation coefficients x 1013, from (t') fast and (s) slow-moving 
peaks, determined where feasible, 

A pure, butanol-complexing fraction from HA 70-starch. 
Transitory peak, or shoulder, on slow-moving peak. 

Value of dubious validity, owing to amount of gel. 
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Wo.6018A, and using known instrument constants). The sedimentation coefficients 

were also determined and the results are shown in Table 21 , by courtesy of 

Mr. Hourston. 

Table 21 
Ultracentrifugation of Amylos tarch-DMS% Di!persions 

Starch 

Concentration 	g/mi Cal 
ference( s )  Tt1' Calculated(2) Total 

HA 57 5.68 5. V4 0.90 6.0 1.12 

HA 62 14,38 14,27 0.977 2.3 1.21 

HA 67 7.34 7.25 0.988 1.2 1.01 

HA 70 4. 165 4.06 0.875 12.5 1.25 

HA 75 
1 	
P-95 7.08 1,015 0 0.80 

by acid. hirol, si - eeric u1ph 1  mthd 

(2) calculated from area under (principal) peaks. 

difference in concentrations due to gol and transitory (peak r) material. 

(1) as in Table 20. 

It can be seen that the implied amounts of gel present in the Amicorn 

starches ranged froi 6% for the HA 57 to 0% for the HA 75 starch. The Amylon 7 

(HA 70) starch appeared to be exceptional; a gel content of 12.% was implied. 

The peak-pattern of the HA 7-dispersion showed a faster moving shoulder, 

Peak f. 	(A small f-peak or shc'ulder of faster sedLiienting material had been 

indicated also in the earlier run.) Peak f, however, rapidly decreased in 

magnitude with time. 	The HA 62 also showed this peak pattern, on a reduced 

scale. It was not detected in the higher'ainylose.00nt.ent starches in this 

experiment. 	There was no evidence for change in area of the HA 75 pattern 

with time. 

The sedimentation coefficients of the principal peaks in this experiment, 
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were generally lower, 1.2 -. O.B. than those calculated in the earlier runs, 

2.3 - 1,3. This might not have been significant, or else it indicated that 

the repeated re-solvation engendered further disaggregation of micelles or 

molecular degradation. 

The problem of total starch dispersion without degradation ws unresolved. 

The so called gel in these dispersions might represent high molecular weight 

amylopectin, perhaps incorporated in or associated with undispersed starch 

the portion represented in the transitory peak or shoulders could be either 

low molecular weight branched component or higher molecular weight linear 

material (suggesting a bi-mcdal distribution of "arnylose" molecular size) or a 

combination of both. 

"Weight-average molecular weight" of amylostarch. 

In the manner of Everett and Foster (199, the HA 57 and HA. 7-DMS0 

solutions were freed of gel in the preparatory rotor of the ultracentrtThgo and 

filtered into the coils of the Brice-Phoenix Universal photometer. Acceptable 

Zirnn plots (Ziimi, 106; Stacey, 199) were obtained from which the calculated 

molecular weights were: 	HA 57t  13. x 186;  HA 7 )  4.9 x 106  (Mr. Hourston). 

Whilst these solutions were completely devoid of gel and not necessarily repre-

sentative of the total-starches,, the light-sea tteririg a stiat.ions indicated a 

decline of average molecular size in starches of this range of apparent amylose 

content. 	This was generally agreeable with the results from the ultracentri- 

fuga tion. 
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Limiting viscosity numbers of maize starches in DM80 

The effects of various methods of solvation on the intrinsic viscosities 

of maize starches were briefly examined. Amylomaize, HA. 7, hydrous granules 

were dissolved in DM50 in the usual way, Solution 1. Similar granules were 

dehydrated in a stream of anhydrous nitrogen at room temperature, and dissolved 

in DM80, four days in anhydrous atmosphere, Solution 2. Portion of Solution 1 

was freed of solvent and water in the usual way and redissolved in DM80, giving 

Solution is. Another portion was freeze-dried and re-dissolved in T*1SO, giving 

Solution lb. The limiting viscosity numbers obtained: 

Solution 1 : 92 ; is i 90 ; lb : 90 

Solution 2 : 89 

were not significantly different. 

Amylomaize HA 57 hydrous granules of known, 18% moisture content, were 

dissolved, DMSO1  and DM802. The apparent limiting viscosities were 120.6 and 

116.7 respectively. The reduced viscosity of DM801-solution at 609g starch/ml 

was 122 and that of 34S02-solution, 118. Moisture, equivalent to 	cg/m1 

DMS02-solution was added, i.e. the amount of moisture added with hydrous granules 

in the original DMS0-solution. The reduced viscosity of the W"102-solution 

was then 121, and it was concluded that the small reduction in viscosity, DM801  - 

N502 , was due largely to the remova 1 of granule moisture, not to starch 

degradation. 

The reduced viscosities of all the maize starches were estimated using 

DM802  solutions in DM50 at concentrations 10 to 1,000pg/ml, and the limiting 

viscosity numbers determined, Fig. 8. 
Phl P. 22 

[ 	Starch 1,JM PM f HA 57 HA 62 HA 67 HA 70 HA 7 

DM802 170 173 f117 1112 101 99 9U 
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Since the limiting viscosity of amylose was almost invariably reported in 

the literature as being greater than that of comparably treated amylopeotin, 

the above results, listed in order of increasing amylose-content, appear 

surprising. They were consistent, however, with the subjectively distinguishable 

degrees of palpable-consistency developed on solution in Th(SO at higher concen-

trations. That is, wary arnd regular maize starches at 2 cr,ncentration in 11450 
the waxy 

were viscous at rocii temperature ,/appearing slightly more viscous than the 

regular starch; the amylomaises were viscous at 6% c moon tration, the HA 57 

more 80 than the HA 75, whilst the other mnylomaizes were indistinguishably 

intermediate between these extremes. 

The gradation of starch viscosities was generally agreeable with the concept 

of a decreasing viscosity-average molecular weight of amylose with increasing 

apparent amylose content. If the components of each starch were in a state of 

free dispersion, and if the apparent emylope.otin content of each starch was 

assumed to be of constant limiting viscosity, 170, the implied viscosities of 

amylose of each starch would be : 

Tb1e 23 

"Ai n-A11A 	 2  57  TIP 	67 MA 7u HA 75 

160 77 76 67 68 62 

However, although ?traoerttrtfugstion studies had shown little evidence of 

undispersed starch in these solutions, If was suggested that there was little 

or no amylopec tin of normal (waxy or regular maize-type) molecular dimensions. 
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The stability of aqueous dilutions of DM50-starch solutions 

The dispersion of maize starches in dimethylsuiphoxide had been found to 

be more nearly complete than in aqueous solvents. Aqueous dilution of starch-

11ISO solutions gave initially clear solutions, but some of these were found to 

be highly unstable. This effect was of importance in the conventional 

fractionation procedures, which involved, periods of up to several days for 

crystallization of the linear component. The phenomenon of spontaneous 

precipitation or retrogradation" of the starch was further examined. 

Maize starches in DMSO solution were diluted with sterile water to 05% w/v 

starch content. Since the waxy maize-t1S0 solution was effectively limited to 

2% w/v starch content, all starch dilutions were adjusted to contain 25% v/v 

DM50. Sets of solutions and starch-free controls, were stored at 200  and 60  

in centrifuge tubes and in sealed Eel Colorimeter cells. 

The apparent "solubilities" were estimated by the mild-centrifugation 

method at 20 and 40 hours. The developments of turbidit±es were traced by 

Eel Colorimeter measurements at intervals up to 50 hours • Each cell was swirled 

gently and moisture condensation on the chilled cells wiped off with a lens 

tissue, before taking the reading. 

The effect of the two ageing periods at the two temperatures on the apparent 

solubility of the starches at 0.5% concentration in 25%  DM50, is shown In 

Table 21+,  and the development of turbidities in Fig. 9 

Both methods showed varying degrees of stability of the starch dispersions, 

and this effect appeared to be related to the apparent amylose contents. The 

waxy starch dispersion was highly stable; the regular maize a little less so. 

Both these solutions developed a limited turbidity when stored at 60C, but this 

disappeared when the solutions were brought to 200C, In contrast, the amylo-

starches were highly unstable. There was a steady inorease in turbidity when 
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Thble 21+ 

Percentage of Solubles1  remaining in Aged 
Aqueous Dispersions2  of Maize Starches 

Starch 
Time Tom Solubies 

Starch Time Temp. Solubles 
(h) (°c (% ) (hr.) (°c) (%) 

WM 20 20 99 HA 62 20 20 141 

20 98 140 20 39 

20 6 98 20 6 14 

140 6 97 ho 6 3 

1Z4 20 20 98 HA 70 20 20 38 

ho 20 82 ho 20 29 

20 6 914 20 6 14 

ho 6 74 140 6 3 

HA 57 20 20 146 HA 75 20 20 30 

ho 20 141 ho 20 26 

20 6 14 20 6 3 

20 6 14 ho 6 2 

as in Table 19 

2 Starch concentration: O.% w/v in 2% v/v DNSO, 
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stored at 20 0 C and an almost complete flocculation on standing at 60C. 

Furthermore, when the chilled amylomaize solutions were brought to 20°C there 

was little change in the observed turbidities. 

Although the pattern of behaviour was constant, replicated turbidity tests 

showed low degrees of precision. This was not unexpected considering the 

difficulties in measuring the turbidity of a coagulating system. 

Dilutions of selected samples of known absorbance values, showed that these 

generally conformed to Beer's Law. The effect of starch concentrations less 

than O.% on the course of retrogradation of HA 70-dilutions was examined. 

A series dilution of the 6% 11450 solution was made with DM50, and each was 

diluted to 12 volumes with sterile water. The aqueous dilutions contained 

8% 11450 and respectively, S, 2., 1.25 and 0.625 mg HA 70-starch/mi. 

The turbiditios developed, Fig. LO., did not conform to Beer's Law; the 

degree of retrogradation appeared to decrease with polysaccharide concentration, 

and this was reflected in the percentage of solubles remaining in the aged 

dilutions 
Table 25 

"Solubility" Temperature and Time ct' thre 

Starch (HA 70) 
Concentration 

Control 
(35 	1 hr.) 

3 0  
32 hr. 

200  60  
16 hr. 28 hr. 16 hr. 28 hr. 

94 91 43 38 28 18 

0,25 96 95 63 49 36 

0.12 96 97 82 68 6c) 51 
u.06 98 97 88 86 72 57 

The stability of amylos taroh dispersions was time, temperature and carmen-

tration-dependent to an extent which was,of neoessity,of considerable significance 

in quantitative separation of molecular types. This accentuated retrogradation-

phenomenon was considered in studies on Fractionation. 
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Interaction of Maize Starches with Iodine 

Preliminary observations on the potentiome trio titrations. 

In the preparation of whole granule starches for iodine affinity estimations, 

it was early recognised that complete dispersion of the starch was a primary requisite 

(Bates et.al., 1943). 	These authors used 0.1 to 0.1% wlv starch in potassium 

hydroxide OS M, neutralizing to methyl orange when dispersion was complete. The 

assessment of complete dispersion was not described; it was probably to the point 

of visual clarity in the alkaline mixture. 

Lanaky at al. (1949) recognised that native lipids repressed the iodine affinity 

and after thorough defatting with ethanol, pasted the whole granule starch at 1% con-

centration in boiling water. The paste was subjected to intensive shear and the 

staróh substance precipitated out with methanol • It was dried, ground and screened. 

The finely powdered pregelatinized sample was dispersed in KOff 1 M at 2% concentration 

for one hour or until a clear solution was obtained. This was then neutralized for 

the iodine binding determinatioi. 

For the preliminary defatting, Anderson and Greenwood (19) refluxed the whole 

granule starch in methanol for 5 x 3 hours. The starch was vacuum dried and dispersed 

in 0.2 molar KOH at oi% concentration by shaking overnight at roam temperature. With 

some samples 3 minutes heating at 9 0C was required. (The authors noted that heating, 

the alternative use of molar KOH, or ageing of the alkaline mix at room temperature, 

had negligible effects on the iodine affinities obtained.) 

In the present work it was apparent that the amylomaize would not disperse in 

KOH, 0,2 M. Reasonably clear solutions were obtained in KOH, 0.4 M1 avernight at 

room temperature, and in agreement with Wolff et al. (l9), low temperature storage 

effected no difference in rate and extent of solution. The dispersions were 

neutralized to 5.8 pH with phosphoric acid. The iodine titration curves of the 

waxy and regular maize starches (curves 1, 2, Fig. 11) were normal in shape and 
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iodine affinities of 0.1 and 5.1 respectively were indicated. At higher 

iodine concentrations, the rate of adsorption by the waxy maize tended to 

increase. Lanalcy et al. (1949) were unable to explain this tendency; a 

possible explanation will later be shown. 

The amylomaize (curve 3, Fig.-I 1 ) was abnormal and closely resembled 

the curve obtained by MacKenzie (1961), Greenwood 'nd MacKenzie (1966) for 

a similar starch from the same Amylon 7 maize sample. The curvilinear 

shape maintained strictly invalidated extrapolation to obtain precise levels 

of affinity. The approximate limiting level, 8 - 10%, was much less than 

that inferred, ca Th%, from the alleged amylose content. Repeated tests 

yielded identical I{1 70-curves except that during the course of one titration 

a delay of one hour led to an abrupt step-up in level (curve 1, Fig,l1 ). 

On the other hand, the regular and waxy starches were independent of titration 

time, in agreement with the findings of Anderson and Greenwood (19). The 

behaviour of the amylomaize suggested that its "solution" still contained 

aggregates or micelles with which the iodine required time to react. The 

titration of wrinkle-seeded pea starch (curve 5, Fig.L1) gave a value of 

12.1.% affinity, in close agreement with that of Mackenzie (1964), and 

indicated that the abnormal behaviour of the amylomaize was not solely a 

function of high-amylose content. 

More intensive means of dispersing the amylomaize starch were attempted 

and it became apparent (Fig2 ) that increasing severity of dispersion - by 

increasing the molarity of alkali, by heat, by shear, or by combinations of 

these - increased the apparent capacity of the amylomaize starch to bind 

iodine. It also appeared that this starch required titration to much higher 

levels of free-iodine concentration before uptake of iodine showed any tendency 

to become linear. 	In the differential titration apparatus used, this meant 
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that the titration points obtained at high iodine concentrations were less 

precise. 

Since dime thylsuiphoxide had been found to be an excellent amylostarch 

solvent, the use of such solutions was then examined. Primary and secondary 

DM30 solutions of HA 70-starch, heated or unheated, gave essentially identical 

iodine-binding patterns (curve 6, Fig-12 ). The presence or absence of 

equivalent amounts of DM30 in the balancing half-cell (ca 0.01% v/v electro-

lyte) had no significant effect. The prior removal of IS0 from the starch 

aliquot (by repeated additions of water in a boiling water bath and continuous 

flushing with a gentle current of anhydrous nitrogen) followed by dispersion 

of the starch either in hot water or in KOH OS M and neutralization, gave 

curves which were of the same shape as curve 6 (Fig. 12), essentially the 

same but tending towards lower levels of iodine absorption. 

Thus it appeared that the highest levels of amylomaize iodine absorption 

at 200C, within the limits imposed by the apparatus, were obtained by the use 

of 114S0-starch solutions. The absorption isotherms of the tour Amicorn 

starches at 2cft are shown in Fig. 13. In all cases, the shape of the curve 

precluded precise extrapolation to obtain iodine affinity values, although the 

approximate levels were in accord with the alleged arnylose contents. No 

comparative representation of amylomaize-titration curves, outwith these 

laboratories, however, was found in the literature. 

The effect of titration temperature 

Dispersion-stability studies ,P .77, had shown that the precipitation of 

amylomaize starch from aqueous solution was accelerated by low temperature axxl 

that this function was affected by starch concentration. Initially, it was 

thought that the "abnormal" iodine isotherms at 200C were due partly to slow 



Fig. 13 

200C 

HA7 5 

H A67 

HA62 

HA 57 

15 

10 

Bound 

Iodine 

Free Iodine x 106  molar 



83 

retrogradation, and hence inaccessibility of the starch to iodine, during 

the course of titration. Titrations at elevated temperatures 30 and 3 0C, 

however, increased the degree of abnormality. 

To assess the effects of low temperature and concentration, aliquots 

of HA 70-DM50 solution were diluted with electrolyte to various concentrations 

and aged overnight at 6°C. Those were then adjusted to 200C and made up to 

volume, 80 ml, with electrolyte. Titrated at 200C, the curves, e.g. 1 and 2 

Fig.1  , were not affected by low temperature ageing at concentrations less 

than 0.5 mg/mi. At higher concentrations, e.g. 1 mg/mi, curve 3 Fig.1i+  

the iodine absorption was severely suppressed. 

Amylomaizo HA 70 starch in DM50 solution was subsequently titrated 

successively at a range of temperatures, the limits of which were those 

practically maintainable in the bath and cells for the duration of the 

titration, ca 1 hour. 	The family of curves obtained, Fig. 15 , showed some 

features similar to those observed in potato amylose,Fjg.5, i.e. with 

decreasing temperature, the polysaccharide commenced to bind iodine at lower 

levels of free iodine concentration and the binding proceeded more rapidly. 

Within the limits of iodine concentration imposed, however, the isotherms did 

not ultimately reach a common level of bound iodine, in this regard, the 

staroh-isothernis resembled those of the ensymically degraded potato-amyloae 

materials. Fig. 6 . 	At the lower temperatures the isotherms became more 

"normal" in shape and extrapolation of the linear adsorption phases became a 

valid procedure; for example, at 20C an iodine affinity value of 17.3 t 0.1% 

was indicated. 

The other maize starches, in DM50 solution, were titrated at 2°C, Fig. 1/); 

the waxy and regular maize starches bound considerably more iodine than at 

similar iodine concentrations at 200C. However, the iodine affinity levels 
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obtained were identical within the order of error, with those indicated at 

200C, 0.1% and 5.2% respectively. 

Precise iodine affinity estimations for the four amylomaizes were now 

available; viz. HA 57, 14.9; HA 62, 5.6; HA 67, 16.6; HA 75, 17.t%. 

These values became more meaningful after consideration of the results of 

quantitative fractionation and studies of component behaviour. 
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Fractionation of Maize Starches 

Preliminary observations 

A method of quantitative fractionation which was applicable to all the 

maize starches was sought; ideally the whole of the starch substance would 

be accounted for in terms of structurally distinct and undegraded molecular 

types. 

The pretreatment and fractionation procedure, as applied to potato starch 

by Geddes at al. (1964), was initially used. While the DM30-pretreatment 

largely overcame difficulties in acquiring aqueous solution of the waxy and 

regular ntaizes (of. Montgomery and Senti, 198;  Babcock et al., 1960) 

solution of the amylomaizes was inadequate. After repeated attempts and 

meticulous care, visible amounts of insoluble pretreated amylostarob remained 

in 0.4 - o.% dispersions after one hour at 980C In rapidly-stirring deoxy-

genated water. Variable quantities were removed by hot filtration or centri- 

fugation. 	As shown in Table 26 , butanol-treatment of the clarified 

dispersions yielded amounts of impure complexes in excess of those anticipated. 

These could not be quantitatively re-dissolved in hot water, and the subsequent 

re-crystallization yields were much less than those anticipated from the alleged 

amylose contents • This was in agreement with the pattern of mnylos taroh-

complex yields reported elsewhere (e.g. Table1) ). 

A "critical" concentration of complexing agent, such as reported by 

Muetgeert (1961) for maximum yields of potato-amylose complex, was not indicated. 

The re-crystallization of amylostaroh complex in varying quantities of butanol 

showed that the complex yields reached limiting values at about 8 v/v butantel, 

Fig. 17 , and a variable amount of oentrifugaimaterial was formed in the 

absence of butanol. 
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Furthermore, after removal of the butanol complex, the various amylomaize 

supernatant liquors were unstable and continued to discharge material from 

solution, on ageing, or on vacuum concentration for freeze drying. The latter 

effects were also encountered when the starch-DNSO solutions were diluted with 

water and, heated or unheated, treated with butanol. 

The yield and purity of regular-maize complex were largely as anticipated. 

The total absence of true butanol-complex from the waxy starch was notable, 

since these granules showed blue colourations at the central or hilar regions 

of otherwise amber iodine-staining granules (as reported also by }3adenhuizen, 

1959). The waxy sample also contained a trace, 0.3% by number, of blue-

black iodine-staining granules. 

The fractionation procedure, designed for amylostarch (Montgomery et al.,, 

1961) was shown by MacKenzie, (1964), Greenwood and MacKenzie (1966) to have no 

advantage over the liqzid ammonia - thymol technique of Geddes at al. (196). 

It was apparent that the enhanced insolubility and retrogradativo 

tendencies of asiylostarches, as discussed earlier, rendered conventional 

fractionation procedures largely inadequate. 	An attempt was made to utilise 

the retrogradative propensity as a means of "self-fractionation" of amylostarch. 

Self-fractionation of amylostarch 

Amylostarch was allowed to auto-precipitate from aqueous dispersion under 

two sets of conditions: 

(i) Portion of a HA 70-flM$O solution was diluted with sterile water to 

contain 0.5% starch, and. allowed to age at 200C for 50 hours. 

(2) HA. 70-S0 solution was diluted to contain 0,2% starch with 

chilled sterile water and aged at 60C for 15hours. 



Each preparation was centrifuged at 100 g for 15 minutes and the 

supernatants decanted • The sediments were re-suspended with ca 1/10 

volume sterile water, centrifuged and decanted, twice. The amounts of 

starch represented in the combined supernatants were estimated by the 

alkalin .forrioyanide procedure. The supernatants were then vacuum-

concentrated, and the polysacoharide precipitated from solution with acetone. 

The sediments and supernatant materials were dried from acetone in 

anhydrous nitrogen at room temperature, and dissolved in OMSO. The limiting 

viscosity numbers were dethrmined in 1)150. Potentjometrjc iodine titrations 

were carried out at 200C. The 	-amylase and .+Z limits were carried out 

with special precautions to avoid retrogradation; i.e. the warmed aliquot 

of 1)150 solution was diluted with buffered, enzyme-containing, water at 3 0C 

to contain0.S mg starch/mi, and the digest removed immediately to the 11~

incubator. 

The results, Table27 , showed that about half the starch came out of 

solution under conditions (1), and 7% under conditions (2). Although the 

latter was that expected from the assumption of preferential retrogradation 

of the amylose component, it was obvious from the properties of the components 

that no sharp fractionation had occurred. 

Precise estimations of the iodine affinities were not possible, due to 

the rounded form of the isotherms obtained; the comparable, approximate 

levels are given in each case. 

There was thus only a tendency towards preferential retrogradation, and 

it appeared that co-precipitation of linear and branched material had occurred 

under these conditions. 
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Table 26 

Yields of butan4-ol complexes as c-4 maize starch disersed 
- 

Starch HA 57 HA 62 HA 67 HA 70 HA 7 

Primary complex Expt: 1 28 61 71 72 62 82 

Expt: 2 28 n.d. 78 n.d. n.d. 80 

Recrystallized 	Expt: 1 25 147 52 55 59 59 

copex 	Expt: 2 25 n.d. 52 59 n.d 63 

n.d. not determined 

Table 27 

The amount and properties of Frac tions from the 
"Self .-frac tiona tion" of Amylomaize (HA 70) Disrsions 

Expt. (1) Expt. 	(2) 	-- Whole 
Starch Sediment Supernatant Sediment Supernatant 

Yield (% of starch) 57L 149 75 25 100 

[~-j 714 120 89 214 99 

Iodine affinity on 15 on 	114 on 15 en 	11 en 14 
12 

81 66 67 64 72 

75 73 79 
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Fractionation by ultraoeritrifugation 

Aqueous dispersions of maize stsroh-E*S0 solutions were heated at 98°C 

for 50 minutes in the absence of oxygen. To suppress the retrogradation 

phenomenon, the starch concentration was maintained as low as practical, 

3 - mg/mi, and the dispersions were not allowed to cool below 

Aliquots, ThU ml, were centrifuged for 90 minutes at 3 0C at 93 x 103  g 

(Spinoo model L ultracentrifuge). The supernatants were removed down to the 

sharply-defined interface with considerable precision by means of a coarse 

capillary under slight vacuum. The proportions of starch represented in 

the supernatants was estimated, Each sediment was dissolved in DNSO dispersed 

in hot water and ultracentrifuged as before. After three such cycles, the 

third sediments were freed of dime thylsu].phoxide and buffer salts by twice 

precipitating the polysaccharide from aqueous dispersion with ethanol. 

Re-dispersed in water, the sediments were subjected to two more u].traoentri-

fugation-cycles. 

Table 28 shows the yields of sediment obtained at different stages of 

ultracentrifugation. The yield of the first sediment, 1, showed an almost 

linear, negative correlation with the apparent amylose-content of the different 

starches, Fig. 18 . 	All the ultraoentrifuged solutions were similar; they 

were water-clear and there was a sharply defined boundary between the super-

natant liquor and the viscous sediment. The sediments from the first three 

cycles of the aniylostarohea were strongly retrogradative and became opaque 

when allowed to cool and age. The successive cycles had relatively little 

effect on the yield of sediments from the waxy and normal maize starches, 

whereas a continuous loss of material was observed from the axnylomaize sediments. 

The properties of the sediments 3 and 5.  were examined, Table 29 . After 

three dispersion-centrifugation cycles, the waxy and regular starches already 



Table 28 

Yields1  of Sediments obtained at various stages 
of Ultracentntion of maize-starch dispersions 

Starch RK HA 57 HA 62 iIA 67  HA 70 HA 75 

Sediment 1 99 75147 140 38 35 33 

Sediment 3 98 70 37 21 20 - 16 

Sediment 5 97 65 19 ':114 9 - 3 

1 as perCent of starch. 

Table 29 

Properties of sediments from 
U1traoentrLued maize.starcbdjers1ons 

Starch Sediment' 1.1 L?J j 	+ZJ CL2  

W 3 0.11 58 n.d.. 25 

5 0.014 514 55 214 

RM 3 0.25 58 n.d. 27 

5 0.08 55 n.d, 25 
HA 57 3 1.1414 614 n.d. 39 

5 0.07 514 n.d. 27 
H.A. 62 3 i.65 67 79 38 

5 0.09 514 55 26 

HA 67 3 1.35 614 72 38 

5 0.07 53 n.d. 27 
HA 75 3 1.88 71 n.d. 42 

5 0.11 53 514 29 

numbers indicate the stage of ultracentrifugation, see text. 

average chain-length by periothte oxidation. 
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yielded sediments which complied with the properties of normal amylopec tin, 

and in almost quantitative yields. Some further purification, in terms of 

reduced iodine affinity, -amy1olyses and average chain-length, took place 

on the succeeding cycles, as shown by the sediments 5. 

On the other hand, the anylomaizo sediments 3 showed properties atypical 

of pure amylopeotiri. The iodine affinities, fr-limits and apparent chain-

lengths were abnormally high. Such properties were in agreement with those 

given in the literature for this starch-type amylopectin, as discussed earlier. 

However, the amounts of fast-sedimenting material remaining at the conclusion 

of the ultracentrifugation experiment, sediments 5, were much less than those 

inferred by the alleged contents of these starches, and, most significantly, 

the properties of these residues were those of normal ainylopeo tin. The iodine-

stain of all the sediments 5  was purely red-pink; the slopes of the linear 

iodine adsorption isotherms were small and extrapolated to extremely low levels 

of bound iodine. The iodine affinity curves from sediments 3 and 5  of HA 62 

and BA 75 starches, are shown in Fig. 19, 

This finding was the most significant result of these experiments. A 

variable, but ifinite, amount of fast-sedimenting normal amylopeotia was 

obtained from all the amylomaizea examined, after the starches had been subjected 

to nothing more than dispersion and centriiugation. It was not surprising that 

the amounts (<10%) of typical amylopeotin in the mnylostarches HA 67 and HA 7, 

had escaped detection in the analytical ultracenta'ifugation experiments, while 

there had been indications of fast-sedirnenting material in the HA 57 and HA 62 

starches. 

The decanted supernatant materials of the muylostarohes retained the 

strongly re trograda tive property, rapidly becoming turbid on cooling. For 

example, after 114 hours at 180C, the iodine-affinity was drastically 
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altered (Fig. 20), and the - .smylo1ysis limit fell from 69%  to 19%. The 

corresponding change in the +ZUinit was 81% to 20%. The original values 

were not obtained on re-heating the solution. 

The combined ultracentrifuge-supernatants, representing ca 88% of the 

HA 70..starch, was treated with butan-1-ol to obtain a rew.orystallized cold-

water-soluble complex, and a strongly-re trogradative non-comploxing component. 

The yields and properties of these were : 

p 

HA 70 - u/c-s/n 

13u tano2. -f ractiona. tion 

Complexed Non-contplexad 

Of of starch 88 33 
l.A., %, 200C (ca 17)1 20.8 (ca 10)1  

74 84 62 
81 97 65 

C.L. (perioda;e) - - 60 
NOW./L.S.2X Io' 0.89 - 
S(S4)),x IO - 1.35 0.96 

So), 	nI 8 98 60 

Approx. limiting levels; iodine affinities not strictly determinable. 

2 Molecular weight by light scattering; b7 courtesy Mr. D. J. Hourston. 

The non-complexed fraction and the parent-solution were difficult to 

dissolve and maintain in aqueous solution below 3 0C; hence some character-

ization-tests were either not possible or were of doubtful validity. The 

yield of niuylose was similar to that in earlier attempts to fractionate this 

starch. Although the iodine-affinity and -amylase-limits indicated high 

purity, the amylose in aqueous solution was less stable than aqueous solutions 

of regular-maize and potato amylose-butanol complexes. 
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It was of interest that the supernatant, representing less than 3% of 

the waxy starch, stained blue with iodine and had a high ' -amylolysis limit, 

indicating that it had some amylose-like character. The waxy maize starch 

was the only one of these series which could be readily dispersed in water, 

e.g. dispersion method M. Such a dispersion was diluted to 0.4%, and 

subjected to the same ultracentrifugation procedure. Polysaccharide in the 

first superna tant liquor represented 1% of the starch; its iodine-affinity 

was 4.8% and its 7t ..amylolysis limit was 88%. The fifth sediment (97% of 

the starch) showed a iodine affinity of 0.02% and a /3 -amylolysis limit of 

%. It appeared, therefore, that the separation achieved was the same as 

that obtained by dispersion in dime thylsuiphoxide. 

It was noted from preliminary experiments that dispersion of the sedimented 

material in potassium hydroxide 0.4 N, followed by neutralization, gave quite 

different results. The succeeding sediments (from RN, HA 57, and HA 62 

starches) were more dense and compact, and showed no change in properties or 

yield. It appeared that the presence of salt had altered the differential 

in the sedimentation rates of the different polymeric species present. 

Quantitative fractionation of maize starches using the ultracentrifugation 

procedure as described above, was cumbersome and time-consuming; the capacity 

of the ultracentrifuge was limited to iio ml dispersion and the starch conoon-

tration was desirably limited to ca 1 mg/mi. 

Absolute and complete dispersion of the whole starch in a single medium 

had not been conclusively demonstrated. The dispersion-ultracentrifugation 

teohniie had shown, however, that the starches could be progressively 
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dispersed to ultimately yield fast-sedimenting amy].opeotin of typical properties. 

(The presence of such material in the arnylcmaize starches was in contrast to 

the findings of Montgomery et.al., 1961, 196.; Erlander et.al., 196) It 

was likely that the course of separation was prolonged, not only by possible-

progressive dispersion of whole starch 1 but also by concurrent deposition of 

dispersed-arid-retrograded material. 
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An Improved Method of Fractionation. 

A quantitative fractionation procedure was developed to cope with the 

behaviour of amylomaise starches • Each unit-step of procedure, outlined 

below and further discussed, was adopted to suit the amylosterches. The 

method applied satisfactorily also to the fractionation of the regular maize 

and waxy maize starches, 

1. Pre-treatment and dispersion of starch 

Defatted granules were thoroughly washed in and centrifuged from distilled 

water, so that the well-drained starch-cake contained ca 40% moisture. It was 

slurried quickly in DM80 (B.D,H., o.I moisture) to yield a suspension of 

discrete granules. A moderately viscous solution resulted at concentrations 

adjusted for staroh-type; axnylostarches 5-7%, regular starch 2.-3,and 

waxy maize starch 1.-2% wlv; with continuous stirring or shaking for 2-3hours 

at 2000. 

Water, 2 volumes, was added and the starch precipitated with acetone, 

ui volumes, washed free of 11480, dehydrated with acetone, and dried to a fine, 

friable powder in a current of anhydrous nitrogen. The pre-treated starch 

was redissolved in DM80 to the above concentrations. 

2*. Formation and separation of butanol-complexing fraction 

The starch-DMSO solution was stirred continuously while the complexing 

agent (water containing butan-1-ol, 8 v/v, and sodium chloride, 0.1% w/v), 

6 volumes, was added. The mixture was allowed to stand at room temperature 

until there was incipient sedimentation of the complex under gravity (ca 30-60 

minutes). Centrifugation at 100g for 30 minutes yielded the butanol-complex, 

Cl, and the carefully decanted supernatant liquor, 81. 



M. 

2b. Purification of the complex 

The primary butal complex, Cl, was dissolved rapidly and completely in 

water at 3()0C, 7-10 mg/ml glucan concentration. Butanol-saturated saline 

water, 2 volumes, was added with stirring. After 14 hours at room temperature 

the complex, 02, was removed by centrifugation. The supernatant liquor 

contained fraction 32 

The recrystallization procedure was repeated to yield complex C3 and super-

natant liquor $3. The final butan-1-ol complex, C3, was stored at room 

temperature in butanol-saturated water under butanol. Supernatants, $2 and 33, 

were combined, 3(2+3), 

3, Treatment of the spernatant materials 

The butanel was removed from the primary supernatant liquor, 51, by 

concentration in a rotary-film evaporator, and the volume reduced to a level 

not exceeding ce 11% of the original starch-rS0 solution. A clear-stable 

solution of the fraction, 51, in aqueous saline 3430 resulted. The fraction 

was precipitated, washed, dried and redissolved in DM80 to 2% concentration. 

The recrystallization supernatant, 5(2+3), was reduced to as 0.3-0.14 volumes. 

The glucan content was precipitated, washed and dried from acetone and redissolved 

in DM30. 

14. Subfractionation of the suj2ernatant materials, S1 and S(2+3). 

Iodine, 1.3% in DM50 solution, was added to the fraction 81 in IZ4SO 

solution, in an amount equivalent to 2% by weight of the polyaooharide 

present. The iodine-gluoan colouration was produced on the addition of an 

equal volume of water, pH 6.8 phosphate-buffered 0.01M, and dilution was 

continued to twice the original volume. The oomplexed-mixture was stored 

overnight at 140C and the complex, Sla removed by centrifugation from the 
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supernatant Sib. 

Fraction Sla was dispersed in hot water and vacuum concentrated, several 

times, to remove the bulk of the iodine. Supernatant Sib was similarly 

treated. The residue of iodine were removed from these fractions by acetone-

precipitation and overnight steeping in acetone, followed by rediaperstcwi in 

water, acetone-precipitation and drying. Finally, they were dissolved in WO. 

The recrys tail tea ticneuperna tents, fraction S ( 2 3), was treated similarly, 

yielding ic neucompiesed eubfraetton S(243)s and ncnecmplsx.d fraction 8(2+3)b, 

Discussion of procedure 

The above procedure was the most appropriate modification which could be 

devised for the fractionation of aayiaaatse starched. In the initial dispersion, 

a high atarob:eolvent (DO) ratio was required to develop a palpable consistency 

or viscosity, and hence under mild shear to assist fragmentation and dispersion 

of the swollen and softened granules 	The optimum ratio varied with starch type. 

A high starch concentration was also desirable to keep the 11SO content in the 

subsequent aqueous starch dispersion reasonably i. Precipitation and re-

solution was quantitatively preferable to vacuum filtration of the primary tt450 

solution. Moreover, the acetone-precipitation and washing of the dispersed 

starch ensured the final removal of lipids which may have escaped the methanoito 

leaching of the whole granules. Virtually complete dispersion was obtained in 

ItSO, and the salvation procedure had been shown to be unlikely to cause molecular 

degradation. 

Subsequent dispersion in aqueous media was more nearly complete and uniform 

than by other pre-treatment met)wds. Careful addition of water to the Itarch-

EESO solution yielded homogeneous dispersion and apparent, although unstable, 

solution, Addition of the etarch..Z4S(J to water sometimes gave local eggreg tjn 



and precipitation. 

The spontaneous insolubilization of the starch was time, temperature and 

concentration dependent, and conventional treatment with excess butanol yielded 

heterogeneous precipitates of amylose.-complex, retrograded and alcohol-precipitated 

starch. Crystallization at 30..350C suppressed retrogradation, but also greatly 

reduced the yield of complex. 

It was possible to treat the starch-DM solution with a variety (Anderson 

et al, 1963; French at al, 1963) of amylose-oomplexing agents. In general, 

volatile-liquid agents were preferred. Treatment could be carried out in two 

ways according to the amount of complexing material required and its compatibility 

with the staroh-DMSO solution: (i) water containing the complexing agent was 

added to the starch solution, as in above method, step 2a; or (ii) the required 

amount of complexing agent was added to the s tarob-ONSO solution and the complex 

was formed only on subsequent addition of water, as in the above subfractioriation 

of the non-butanol complexing material, step 4. 
Dilution of the starch-DNO solution with water, under-saturated with 

butanol, and in the presence of a trace amount of electrolyte, to starch 

concentrations 
3 _9 

mg/ml, induced the quantitative formation of a centrifugable 

complex. The rapidity of formation was evidently responsible for the purity 

of the complex, which was readily soluble in excess cold water and free from 

retrograded material. Extended crystallization times, > b hours, led to 

excessive yields of impure, insoluble material. 

Alternatively, the freshly diluted aqueous mixture was heated under oxygen-

free conditions. This prolonged the time required for complex-formation and, 

for the maize starches studied, gave no apparent advantage in terms of yield 

and purity of the complex obtained. 



In the purification of the complex it was necessary to include a trace 

amount of electrolyte to obtain rapid formation of a centrifugable complex. 

The successive complexes were readily and completely soluble in excess water, 

and it was noted that such solutions developed turbidities in ca 8 hours at 200C. 

Hence it was necessary to carry out recrystallization of the amylose within 

about 1 hours, 

The recrystallization-supernatant, 8(2+3),, was extremely unstable in 

aqueous dispersion; precipitation occurred even during vacuum concentration at 

1400C, when the glucan concentration approached ca 8 mg/mi. It was therefore 

precipitated, dried and redissolved In DM50. 

The iodine subfraotionation procedure separated blue-black stained complex 

from cherry-red iodine-sorbed supernatant material • Control of pH was required 

during formation of the iodine-complex, to avoid degradation. Degradation was 

found to occur in the absence of buffer when the pH rose to ca 8 (of. Ono et al, 

196). Heavy buffering,> 0.214, of the diluting water, promoted precipitation 

of the total polysacoharide content. It was necessary to free these sub.. 

fractions completely from iodine in order to avoid inhibition of the enzymes 

used in subsequent characterization tests and to avoid interference in iodine.. 

affinity determinations. Sub-fractionation of the quantitatively minor fraction, 

5(2+3), in the present circumstances was difficult. Sufficient material was 

obtained for a limited number of teats only. 

The acetone-precipitated sub-fractions, Sla and S(2+3)a, were non-cohesive, 

opaque white powders, resembling acetone-precipitated amyloses, while the 

fractions Sib and S(2+3)b were gummy, cohesive, translucent, and required 

steeping and/or working under acetone to reduce to crisp, solvent-free powders, 

similar to the behaviours of amylopec tins and whole starches of maize, waxy 

maize and potato. 



Fraction Yields 

Small-scale fractionations, <1g., gave replioable yield estimations of 

each fraction, larger scale preparations, to secure additional amounts of 

the minor fractions, occasioned significant physical losses. The estimated 

yields from each starch are shown in Table 31. With few exceptions, these 

are reported from direct assays, not by difference. 

The yields of the recrystallized butanol.'oomplexing fraotiona,C3, were 

correlated with starch apparentamyloae content and were generally superior 

to yields reported in the literature, Table 1,.1.  However, they were likewise 

inferior to the amounts of amylose theoretically present in these starches, and 

this discrepancy generally increased with apparent starch-amyioee content. The 

yields of non-complexing material, Si, were accordingly less than those reported 

elsewhere, Table 1 * 

The proportions of secondary-ccmplexing materials, fractions Sla and S( 2+3 )a, 

were negligible or minor in the waxy and regular starches, but rose sharply to 

become major components of the amylostarches. The materials which failed to 

associate with both compiexing agsnts 	 ,Slb, oomprised 
W3 G 

the bulk of the waxy and regular starches, 	quite minor components of 

the an1ostaches. 

Various starches were fractionated on a larger scale to obtain sufficient 

quantities of minor components for detailed examinations. Under these conditions, 

the quantitative yields could not be replicated, and a considerable proportion of 

the total starch was deliberately as well as inadvertently discarded in an 

attempt to maintain parities comparable to the quantitative fractions. 

100 



101 

Table 31 

Yields of Fractions 

Fraction 

of ori4nal  starch 

fli HA7 .HA62 HA67 HA 7U 11A75 

Cl. C) 26.5 55.1 58.8 63.9 68.1. 7O9 

C3 0 2l.8 50.9 5i.8 58.7 6.0 65.8 

S(2+3) 0 2.o h.o 4.2 .9 li.5 6.8 

S(2+3)a U n.d. 1,0 n.(, 3,5 40. n.d. 

3(2+3)b U n.d. 0,7 n.d. i, u.8 n.d. 

Si 99 72.5 46.0 I0.7 37.2 32.5 28.0 

Sla 2.2 5.5 37,2 3.1 30,0 26.9 25.0 

Sib 06.2 68.0 9.3 5. 9 6.6 14,0 14,5 

n.d. : not detenuined, as only trace amounts present. 
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Properties of the component fractions 

Amylose-butanol complex, Fraction C3. 

Some characteristics of the maize amyloaes are shown in Table 32. 

The high degree of purity of each amylose was shown by its almost complete 

conversion to maltose under the concurrent action of +Z-enzymes and the 

high levels, ca 20%, of iodine affinity. The slight difference in iodine 

affinities obtained at 20°C and 2k) for the amyloaes titrated at both 

temperatures, was not considered significant. There was a tendency towards 

higher iodine affinity with increasing apparent amylose content of the parent 

starches. The significance, if any, of this was not known. 

The pattern of limiting viscosity numbers was more regularly defined than 

evidenced in the literature as reviewed earlier. The auylostaroh amylose 

viscosities were less than that of the regular maize and, further, showed a 

negative correlation with starch apparent-amylose content. The chain-lengths 

quoted for the amyloses of RM, HA 57 and HA 70 starches, were obtained by an 

earlier adaptation of the amylopeotin-enzymatio method, and were of relative 

value only. (The method was later more soundly adapted in these laboratories 

for amylose chain-length determination by Dr. Banks.) 
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Table 32 

roper  ties ofReo!ta11ied  Butano1-Coq1exe,C3. 

Sfarch TIM HA57 HA62 HA67 HA 7O H1L75 

Yield, 	of starch 214.8 50.9 514.8 58.7 614.0 65.8 

Iodine Affinity, 200C 19.8 20.1 20.14 20.6 19.9 20.7 

, 	20C 20.1 20.lj n.d. 21.0 20.8 n.d. 

J3 .-limit,% 83 81 79 814 79 80 

+Z 	-limit, % 100 97 98 97 98 98 

Ell2, m1.g 1142 115 106. 97 914 89 

266 155 130 138 130 122 

Enz-mic eha1n-1.ngth 600 250 n.d. n.d. 210 n.d. 

17 	Tsayb x io 700 n.d, 500 n.d) n.d. 495 

14300 - 3100 - - 3050 

S20 b,d 	x 1013  1142e 1.25 1.13 1.16 1.35 1.114 

a 
Molecular weight by light-scattering in DM 

 

SO. 

b Results by courtesy of Mr. D • J. Hourston. 

o Degree of polymerization, weight-average in glucose units. 

d Sedimentation coefficient in ago units, 0.5%, 507140 rpm, 200, in DM50. 

a 
33() 

ri 
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Non-butanol comploxing fractions 

Supernatants from recrystallization of amylose, Fraction S(2+3). 

This material was a minor component, 2-7, of the smylose-.containing 

starches, and some of its properties are shown in Table 33 . Although 

difficult to assess accurately, the iodine affinities obtained by titration 

at 200C were high. The high but incomplete conversion to maltose by 

J+Z-enzymes suggested that the material consisted largely of amylose-like 

polymers with some branched component. 

Subfraotionation oonfirnd this. Table 33 a showed the fraction to 

consist mainly of linear material of average chain-length 0* 100. A minor 

amount of amylopectin-typo. material was detected and its properties shown in 

Table 33 b. 

Major supernatant, 51, and its eubfrao tions, Sla and Sib. 

Some properties of the major non-butanol-casplexing component, 51, are 

shown in Table 31+  . The mwW and regular maize fractions were acceptable as 

typical amylopec tins. The amylomaize fractions were analogous to the materials 

reported in the literature as amylopeotins, in that the iodine affinities, 

-anylolysia Thnit8 and apparent chain lengths were abnormally high for amylo-

pectin, 

The properties of the S1-subfractiona were illuminating. The amounts of 

iodine.'complexing materil in the waxy and regular Sl-fractions were quite 

minor and their removal had little effect on the properties of these fractions. 

The iodine-insoltibilized material was a major component of the amylosta.rch 31-

fractions, however, and its removal profoundly affected the character of these 

allegedly abnormal "amylopec tins". 

The properties of fraction 51*, Table 3I+  a, indicated that it was largely 
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Table 33 

Properties of R ecrys tafliza tion-supern tant Materials 

Fraction 5(2+3) 

Starch Rh itA7 RA 70 

lloj':3 of Starch (2L) 2.0 Lu4.5 
Iodine affinity, 200C ra 14 V TS 81 	9 

20C 11.9 n.d. n.d. 

J 	-limit 714 78 75 
f + 	-limit 92 87 88 

Table 33a 

Subf?aotjofl S(2+3)a 

Starch HA67 HA70 

.jcJ of starcl: 	() fâ 3 .  3. 
Iodine affinity, 2°C 16 l6.5 17.8 

-limit 83 80 86 
+Z 	-limit 99 96 97 

Enzymic chin length n.d. 90 120 

rable 33b 

5ubfrc tion S (2+3)b 

5tarch HA7 RA 67 HA70 

Yield of starch () C. 0.7 t 	1u el 0.8 
Iodine affinity, 20C 0.15 n.d. 0,2 
/3 + 	- limit n.d. 51.5 54 
Enzymic chain length n.d. 19 22 
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Table 3)4. 

Properties of major non-butanol-complexing components 

Fraction S];•  

Starch J.J 11t7 HA 67 1 7 	70 

Yield of starch (%) 99 725 46.0 37.2 32,5 2.0 

Iodine affinity, 200C L).05 0.15 2,3a n.d) 4.2 n.d.. 

J-amylolysis limit 5.5 58 53 65 64 65 

J+Z..amylo1ysis limit 56.5 60.5 68 77 77 79 

Chain-length, enzymic 18 29 34 n.d. 45 44 

perio.ate 23 26 38 42 37 45 

LiJ DMSU, ml.g 170 120 8)4 70 70 68 

a approximate limiting levels 

b n.d. : not determined 
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Table 3)4a 

Fraction S].a 

Starch Fl4 HP 57 }1A62 HA 67 11A70 HA7 

Yield or starch () 2.2 5.5 37.9  3.1 30•0 26.9 2.0 

Iodine affinity, 2°C 5.2 4.1 10.8 n.d. 13.8 111.7 111.7 

-amylolysis limit 95 gh 97 95 89 92 90 

+Z..my1o1ysis limit 96 96 93 95 93 93 90 

chain-length, enzymic 116 58 88 52 52 110 61 

[JDMso, m1.g 18 22 n.d. 24 n.d. 48 146 

1flSth.b1itYa  68 76 70 n.d. n.d. 88 59 

a 	centrifugable material after 8 hours ageing, 60C, 2 mg/mi. 10% v/v tI30. 
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linear material with os 9 - 15% branched, amylopec tin- type molecules ([7 +Z], 

93.96%). The apparent chain-lengths were in the order of 40-90 glucose units 

for all the starches except for the higher value obtained for the Amylon 7 

fraction. (A small, undetermined proportion of the latter showed ability to 

complex with n. butanol.) The Slafractions, including that of the waxy maize, 

were highly unstable in aqueous dispersion. 

The iodine-binding capacities were high; titratians at * low temperature, 

20t were required to obtain extrapolable isotherms. The halting viscosity 

numbers in !SO were considerably lower than those of the parent fractions. 

The purified emylopec tin fractions, Sib, of all the starches showed 

generally cuiiparabl. properties, Table 34b. The removal of the largely linear 

fraction, Sla, from 31 had little effect on the properties of the residual 

fraction, Sib, of the waxy starch. There were slight reductions in -amylolysie 

limit and average chain-length. 

The chain length of the waxy fraction remained shorter than that of the 

regular maize fraction. It had been anticipated that purification would show 

these emylopeo tins to be more nearly of identical average chain-lengths. The 

discrepancy, maintained in the calculated external chain-lengths, was conceiv-

ably due to lingering contaminations of small-linear molecules of various 

degrees of polymerization. 

The Sib-fractions were minor components of the amylostarohes, but 

possessed typical amylopeotin properties, Table 314b, which were more closely 

comparable to the regular maize fraction than to that of the waxy. 
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Table 34b 

Properties of Materials not forming Complex 
with Butanol or with Iodine 

Fraction Sib 

Starch WN Tfjj RA7 HA62 HA 67 HA 70 HA75 

L1. of starch () 96.2 68,0 9.3 5.9 6.6 .0 h.5 

Iodine affinity, 200C 0.05 0.2 0,1 n. 1. n.d. n.h. 0.15 

0,2 0.3 0.3 0.4 0.3 0.1 0.2 

/3 -arny].olysis limit 53.5 55,0 57.0 55.5 54.0 n.d. 54.o 

B +7an1ylolysi3 limit 53.5 55.5 57.5 n.d. 55.' 57.0 54.0 

Chain-length, enzymic 16 24 26 2). n.d, 27 22 

xterna1 ohain_lengtha 11.0 15.7 17.3 15.8 n.d. n1. 14.4 
[ r11DM3O, mi.g 1  175 159 12k: :L60 152 r. .d. iSl 

Iristabilityb ca 2 ca 2 on 3 n.'. 2 on 5 n.d. 

c,d x io_6  
W. 95 25 n,d. ,d.n.c% fl,rl, n.d. 

320 dye X 1013 n.3. 23.3 Th.6 22,9 22.L ri,d. 20,6 

a Calculated from [(Average chain-length) [P J/ioo J + 2.5 

b as for Table 34 

C as for Table 32 

d Results by courtesy of Mr. Hourston. 

e as for Table 32 , except 20I10 rpm, 
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Further discussion of some øpeoific properties of maize starches and their 

fra.c tiona ted components. 

Umitinff, viscosity in riso. 

The limiting viscosity numbers of the maize starch amyloses were found 

to decrease in order of parent-starch amylose-oontent, as anticipated earlier, 

P- 76, although the amylostarch-amyloee levels were higher and the regular-maize 

amylose viscosity was lower than the values calculated from the apparent 

constitution of these starches. The amylopeotin, fraction Sib, viscosities 

of the regular and amlyomaize $ tarohes showed no definite trend; the viscosities 

of the arnylostaroh fractions were largely comparable to that of the ordinary 

maize, and were the only instances wherein the intrinsic viscosity of a fraction 

was greater than that of the parent starch. These fractions were quantitatively 

of minor proportions, however, and the amounts of low viscosity material, 

fraction Sla, compensated for this. 

An attempt was made to account for the limiting viscosity numbers of the 

whole starches in IISO with the weighted average of the viscosities of the major 

components. The balance obtained for the waxy, regular and two amylostarohes 

is shown in Table 35. 
The fractionation procedure had little effect on the viscosity of the final 

amylceotin and since this comprised almost all the waxy starch, the viscosity.. 

balance was good. The ayloseoontaiiüng starches, however, showed that the 

parts aecounted for considerably less than the whole-starch viscosity. Such 

an effect was inferred earlier in the behaviour of potato starch and its major 

fractions. 

The implications of degrees of starch dispersion, molecular degradation and 
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Table 35 

Limiting Viscosity Numbers in DM80 at 2 0C 

iajor Fractions [rjj: Total Starch [rj J 

HA62 HA7 
Starch  

Fraction: 	C3 0 	- 24.8 	142 54.8 	106 6,8 	89 

Sla 2.2 	18 22 3.1 	2t1 2.0 	46 

Sib 96.2 	175 68.0 	159 5.9 	i&J hS 	154 

Sum 98.4 98.3 9.8 95,3 

Wgtd. Average 171.5  11L7 79 81 

Whole 	troh 170 173 112 90 

[vJaccounte 	for 
in fractions, iLl 70.5 90 
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rheological interactions of molecular types, indicated a complex situation. 

Moreover, at the low solute concentrations used in the capillary visoometer, 

Newtonian or time-stable near-Newtonian states of flow were assumed 	The 

sheer-dependence of whole-starch viscosity was not actually known.. Recent 

work in these laboratories (Procter, 196) showed that the reduced viscosities 

of ainyloses were shear-dependent but that extrapolations to identical intrinsic 

viscosity levels were obtained, Merrill (199) has purported an exponential 

dependence of amylose viscosity on duration of applied stress, while the shear-

dependence of ainylopectin was time-independent. Cram and Whitwell (198) 

calculated intrinsic viscosities of cellulose by the zero-shear-rate method, 

and found the capillary viscometers exerted more than 10 dynes 	shear- 

stress, whereas data using the Couette-type coaxial viscometer indicated that 

local shear-stress should not exceed 1,0 dynes om". Lansky at el. (199) 

noted that the use of intrinsic viscosities did not entirely eliminate the 

energy characteristics of the capillary visoometer, and for unmodified starches 

no satisfactory estimations of intrinsic viscosities were obtained, 

It appeared, therefore, that the present evaluations of whole-starch 

limiting viscosity numbers might not be acceptable, although it is felt that 

the use of a solvent (such as tso) superior to water and a continuous medium 

of Newtonian or known flow-properties (requiring further studies on EMSO itself) 

could disprove thiso. 
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Iodine affinities. 

Unambiguous estimations of the intrinsic iodine binding capacities of 

the intermediate maize-starch fractions and of the whole arnylostarches, could 

not be obtained by titratione at 200C. In contrast, precise estimations 

could be obtained at 20C, for example Fig. 21 . This enabled weighted 

sununatians of the fraction-affinities of the starches to be made for comparison, 

Table36 , with the affinities of the whole starches similarly titrated at 20C, 

as obtained earlier, PP - 83-84 - 

The bound iodine of the fractions accounted generally for rather more than 

that bound by the whole starch. This may have been due to cumulative, non-

random experimental error, but it was more likely a real effect of the more 

ready availability of the fractions to complex with iodine. 

It was noted that the nature of the iodine absorption curves of the waxy 

starch Sla-fraction were characteristic of the analogous short chain, anyloaio 

fractions of the other starches. The behaviour of this minor component is 

offered as an explanation of the pattern Inflexions shown by the whole-waxy 

starch at the two temperatures of titration, Figs. 	16 	and p.81. 

Solution !bi1itl. 

The stabilities of aqueous solutions of the starch fractions were measured 

as the proportion of material remaining in solution after centrifugation. The 

results for the major fractions of the maize starches are shown in Table37 

All the amyloses, even from I1'1SO solutions showed degrees of instability 

which were time and temperature dependent. This had been observed also in 

aqueous solutions of the butanol-complexes. The short-chain, amylosic- 
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Table 36 

Iodine Affinities in 3450 at 20C 
Fractions I.A. : Whole Starch I.A. 

WM :rwi M70t,rch 
HA7 HA67 - 

l.A. % l.A. I.A. I.A. I.A. 

'rac tion 
C3 U U 2h..8 20.1 E0.9 20.4 56.7 21.0 5.0 20.8 

32+3)a 0 12.03 1119 3.0 16.0 3.5 16.5 4.0 17.8 
5(2+3 Th u 0.7 0.]5 (1.0) n.d. 0.8 0.2 

37,2 10.8 30,0 13,8 26.9 14,7 

Sib 96.2 0.2 6.0 0.3 9.3 0,3 6,6 0.3 14,0 0.14 

Sum 98.14 100.3 101.1  98.8  99.7 

gtd.Averao 0,12 5. 14 1)i.7 1.7.2 18.0 

'iho1e 3treh 0.1 5.p 14.9 16.6 17.3 

I.A. accounted for 
in fracon", ioh 99 10t lob 
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Table 37 

Solution& Stability of Maize Starch Major Components 
as 11So1ubilityl) after ageing at 200  and 20C 

rin 	ap. Age 
USoiubjllt,ytlb  

?rctinn hrs HP57 1 HA62 H0,67 11A70 HA7 

Ara lose 20 8 94 96 90 914 88 90 
(c3) 20 2)4 — 88 81 80 86 80 88 

6 20 * 75 69 71 68 57 70 

"Control" C 35 <1 — iOU 100 100 100 100 100 

Intermediate 20 8 78 64 79 n.d. n.d. 72 7 
(Sla) 20 20 58 60 69 59 148 146 59 

6 8 32 24 30 n.d. n.d. 12 141 

6 2o 20 16 27 19 28 12 29 
Con trol" 35 <1 98 97 98 99 n.d. 914 96 

Amylopectiri 20 26 100 98 98 97 98 96 96 
(Sib) 6 8 98 98 97 n.d. 98 105 n.d. 

Control" C 35 <1 100 98 99 100 100 96 100 

a : 2 mg/ml, sterile 6.8 pH Mcllvaino, 0.01 M; DMSO 10 v/v 
rru1s 

b : % polysaccharide in supernatant after 20' at 100 g. 

: centrifuged iimediate1y after dilution of DM30 solution 
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materials, fraction 51, were highly unstable in neutral aqueous dispersion, 

and it was notable that this applied to all the maize starches, including 

the waxy. The amylopeotin fractions, Sib, were relatively highly stable. 

The minor fraotton, S(2+3)a, was not examined in detail; the regular-

maize fraction was compared with a combined sample from the amylostarches. 

The solubilities after ageing for 6 hours at 60C, were : 

S(2+3)a , RI'! 1 2% 

HA : 16%  

showing the instability of these fractions in aqueous solution. 

No quantitative compatibility could be found between the stabilities 

of the whole starches and those of their fractions. It was evident, however, 

that the instability of aqueous emyiostarch dispersions was due mainly to the 

oomterit of intermediate short-chain material, and to a lesser extent, to the 

nature of the butanol-cornlexing amylose. 

The stabilities of ensymically-prepared, short-chain materials from 

amyiostarch amylose (See p.123 and Tnbie li-]. ) were evaluated similarly. 

Table 38 

Solubility 

cc -degraded Amylose 20°C 60C 

8 bra 20 hrs 8 hrs 20 bra 

Preparation 	1 1(X) 98 82 69 

Preparation 	2 100 72 lO 38 

Preparation 	3 100 92 73 69 
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These preparations were presumed to be purely linear molecules. They 

showed considerable retrogradative tendencies but they were not quite as 

unstable in aqueous solution as the starch $la-fractions. The intermediate., 

chain-length material, 2, was less stable than the shorter and longer chain 

preparations, and most closely approached the hehac'iour of the starch inter-

mediate fractions. 



Absorption Spectra 

The optical densities of iodine-sorbed maize starches and fractions 

in the wavelength range, 300 - 800m, were determined in a Unicam SP-500 

Spectrophotometer using the 1 cm cells. Routinely, the samples for 

examination were taken from the test-cell at the conclusion of the potentlo- 

metric iodine titration. The polysaccharide was therefore 0.004 - 0.018 mg/mi 

in concentration, and fully sorbed with iodine. In the definitive wavelength- 

range, 525 - 6Cktip, the optical densities of atnylopec tins and waxy starches 

were undesirably low (<0.2), and synthetic mixes, as 0.1 mg/ml, in potassium 

iodide 10 2  molar, were sorbed with the appropriate amount of iodine for the 

spec trophotome try. 

The absorption spectra of the whole starches and the approximately iso-

potential iodine-medium, are shown in Fig. 23 , and the peak absorption wave- 

lengths in the range 525 - 650f are listed, below: 

Table 39 

Whole Starch CL A max 

Waxy rice 15 530 
Waxy maize 17 535 
}t&ie, RM - 610 
Amylomaize, HA 57 605 

Amyiomaie. HA 75 600 

Potato - 61 

The wavelengths of similar peaks shown by various fractions are listed 

in Tabl+0  with their estimated chain-lengths. The shape and wavelength 

position of some of these peaks are shown in Fig. 24 
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Table )0 

Absorption jMaxima  of  Maize  -frao  tions 

Fraction Aiax 2  Curve No.3  

Non-butanol-o2Eple4ng  

Amylopec tins 
Potato 22 552 la 
Maize 24 554 lb 
Amylornaize, from. u/c, HA (2 26 550 lo 
Amylomaize, Sib, HA 57 27 552 - 

Intermediates 
Arnylomaize, Si, HA 57 36 575 2a 
Amylomaizo, HA 70 )1S 585 2b 

Iodine 'oonipl axing, Sla 
Maize 58 535 - 
Aniylomaize, HA 57 88 580 - 
Amylomaize, HA 70 110 590 - 
Amylomaizo, HA 75 62 575 - 

Degraded Arnylosea 
Preparation 1 27 565 3a 
Preparation 2 71 585 3b 
Preparation 3 125 60o -  

Butanol-comDlexes 
Potato, total - 61o -$4o ha 
Potato, linear 2304  600 
Maize, total - 600..620 * 
Amylornaize, HA 57, total 250 590-615 - 
Amylomaize, HA 75, total 240 585610 
Arnylomaize, HA 75, Suthfrac tion7 - 620 Sb 

1 CL: Chain-length of branched fractions, or degree of po1cmerization 
of linear fractions.  

2 Wavelength of band in range 525 - 6) mil. 

3 Curves in Fig. 2. 

By courtesy of Dr. W. Banks. 

see text. 
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All samples showed absorption peaks at oa 30m.L • These maxima were 

due to adsorbed triiodide ion (Higginbotham, 1949;  Mould,  3.9) and were 

a function of the concentrations of tritodide and complex (Kuge and Ono, 

1960b). In the present case, the band present in various polysaccharide- 

free control solutions (Mould, 194) was diminished in the presence of poly- 

saccharide, not accentuated (of. Higginbotham, 1-9I9). 

The apparently-pure amylopeotine showed absorption maxima at 55o - 5fl4L. 

These were characteristic of aniylopectin (Foster, 196) and were due to iodine 

entering the outer helically coiled chains of the branched molecule (Higginbotham, 

1919). These bands occurred at wavelengths noticeably higher than those of 

the non -butanol coinplexing waxy starches. In the light of the present work, 

where it was known that the waxy maize starch contained ca 1.210 of blue- 

iodine staining material, IA ca V.,  this seemed surprising. The shorter 

average chain length of the waxy starch, possibly influenced by the presence 

of very short linear chains, appeared to explain the lower iodine sorption 
W44/ 

and shorter' length of light absorption maximum. The same reasoning was 

applicable to the non-butanol-complexing crude fractions of the aylomaize 

starches, where the higher absorption maximum and longer chain-lengths were 

ascribed to linear pollutants, in this case, known to be present and known to 

be of longer chain length than that of the more highly purified. amylopeotin. 

The possibility of lingering contamination of the latter with short-chain 

material could not be discarded. 
2i. 

The breadth of the total-amylose absorption bands, curves ia, 5a, Fig 

was noted; the potato showed a broad peak, 610 - 60mL, the maize 6)0 - 620 rt, 

and the ainylomaizo amyloses ca 585 - 615mp.. A linear potato amylose, Visco-

metrically of lower molecular size than the total fraction, showed a sharper 
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peak, curve 1b, at áOOmp. An amylomaize amylose, obtained by rapid 

recrystallization and representing only 40 of the total butanol-complex, 

had a higher limiting viscosity number, 120, and showed a sharper peak at 

oa 620m , curve 5b. 

This was considered to be a function of distribution of molecular size; 

the broad bands of the total amyloses reflected the molecular-size hetero-

geneity; the sharper bands were a function of the narrowed size-range, the 

absorption maximum was decreased in the case of the smaller potato subtraction 

and increased in the case of the larger amylcemize subtraction, relative to 

the respective total amylose fractions. 

Baldwin, et al,, (1914) had shown the correlation between absorption 

maxima and the approximate degree of amylose polymerization. The above 

observation and the trend shown by the 4-amylase-degraded amylose preparations 

were largely in accord with this • Nal todextrins, prepared in vitro by 

phosphory.ase-synthesis (Bailey and Whelan, 1961), showed much lower peak 

wavelengths for given degrees of polymerization. 
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Iodine Interactions of Amylostarch Fractions and Mixtures 

The maize starches were fractionated into amyloses and amylopec tins of 

high degrees of purity, and into variable amounts of intermediate and minor 

fractions. 

Fractions. 	The iodine-absorption curves of the amylostaroh amyloses and 

amylopeethis were normal in shapes and levels; the intermediate fractions 

gave curves which were clearly reflective of the abnormal shapes obtained 

from the whole-starches, Fig. 25. 

Mixtures. 	Mixtures of axnyloso.*HA 70, C3, and amyiopeotin.HA 70, Sib, in 

the proportions 70:30 and 30:70 respectively, gave regular-shaped curves, 

Fig. 26, from which the iodine-affinities by extrapolation to zero three 

iodine concentration, were readily obtained. The experimental values were 

13.7% and 6.2% respectively; the calculated values were 114,0% and 6.1%. 

A mixture of fraotiornSla and Sib, 60:140, gave a curve of higher level, but 

of shape essentially similar to that of the fraction Sla, rig. 25. 

The titration curve obtained by reconstitution of the fractions, C3, 

S(2+3), Sia, Sib, in the proportions, 64:14:27; )  indicated by fractionation 

yields, was essentially the same as that of the original starch. The 

initiation of iodine-binding occurred at a slightly lower level of free iodine 

concentration, and thence proceeded in an analogous pattern, Fig. 26. 

Short-chain amyloses. The intermediate fraction, Sla, accounted for up to 

30% of the aniylotaroh substance. It appeared to be heterogeneous in terms 

of purely linear or purely branched molecular types; it was difficult to 

further purify. Re-complexing with iodine effected no apparent improvement, 

no effective complex was formed with 2-nitropropane, and ultracentrifugation 
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(iso solution, 1 hour, 20,000 g, preparative rotor) yielded a supernatant 

In which ca 1 contamination with branched material was implied by the 

(J3 +Z)...limit, 92%. It was considered that the fraction was predominantly 

short-chain linear material. 

Short-chain, purely linear materials were prared by graded lysia of 

the amylostaroh amylose with 0( -amylase (Sigma Chemical Corp. preparation 

from B. subtilis). Three fractions, which failed to complex with butanol, 

were selected for examination. The iodine titrationa were carriel out at 

200C and 20C, 	These are shown in Fig. 27  with the comparable curves of 

the atnylostarch non-butanol-complexing fracticn, Si, the so-called amylopectin 

Of amylostarch. The wave length of maximum absorption, ? max, at 2000, was 

measured at the conclusion of each titration. No significant pattern of 

optical density differences due to titration temperature was evident. The 

wavelengths and other properties are shown in Table 41. 

The iodine-binding-temperature interactions of the non-.butanol compiexing 

fractions were similar to those of short chain linear molecules derived from 

the same starch. 

Short chain amylose mixtures. Potentiometric titrations at 200C were 

carried out on various mixtures of the degraded amyloses with normal amylose 

and normal amylopec tin, Fig. 28 (captions in Table )+2) and it was concluded 

that the abnormal curve-shapes of amylostaroh and its fractions could be 

emulated by using the appropriate mixture of short-chain amylose with amylose 

and amylopec tin. Indeed, a curve almost identical to the HA 70-starch 

isotherm, was obtained from a mixture, 	l:30, of amylose, amylopeotin and 

degraded-amylose preparation 3, curve !, Fig. 28. 
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Table )4 

Properties of degraded-amylose preparations and 
non-bu tano1-otno1ex1ng amylostarob fractions 

-ylose-degraded prep. Fraction  

1 2 3 Si S1  

17 25 51 68 146 
27 71 125 14)4 61 

[,+z3 99 99 99 77 90 
- 565585 600 570 o 

1 limiting viscosity number in OMSO 
2 chain-length,, average number glucose unite, by 

enzymatic method 

wavelength of maximum absorption, in IL, at 200C +  

Table I.2 

Captions to Fig, 28 

Curve - 
Mixture, 	composition 

Arnyloøo 	Pmylopeotir 	; Degraded Amylose  maz 

1 0 	: 	72 	: 28 	prop. 2 570 
2 37 	: 	36 	: 27 	" 1 580 
3 140 	$ 	30 	: 30 	" 2 605 
14 60 	; 	30 	: 10 1 590 

5 55 	15 	: 30 3 600 
6 Aittylostarob 0amylopec tin", 81 570 
7 Amr1os tareh, RA 70 600 



Fig. 28 

Mixes contin1ng dgrded rny1oses; see Tqb1e 2  

- 

15 

10 

Bound 

I ac-il. ne  

g / 

100 mg 

srnp1e 

'I 

12 

Free 	Iodine x 10  molar 

10 

0 



125 

A consideration of the nature and 
	

thesis of maize starches in 
in relation to genotype and phe 

A variety of recessive genes and their chromosome lcdi have been identified 

with increased amylose content of the endosperm granules (Zuber, 196). These 

were connoted by the geneticists, e.g. an1, eu2  for sugary, 8 am  for amylaceous 

sugary, du for dull, sh2  for shrunken, ae for amylose-extender. (or these, 

only as was able to produce some saylose, <3, in the presence of the recessive 

waxy gene, wx.) The eu-gene gave endosperm with a high water soluble content, 

and when combined with certain other recessive endosperm mutations, even the 

8U1  gene gave increased staroh-amylose content. 

Peat 	(196) found 3.2% sugar, 44% extra-granular water soluble poly'. 

eacoharide and 23% granular starch in the grain of Zea mays eacoharata var. 

"Golden Bantam" (sweet-corn). Greenwood and Des Gupta (198e) found the soluble 

polyeaooheride to be essentially glycogen-type molecules with average chain 

length ca li 	Greenwood and Da8 Gupta (198b) found the sweet-corn granules, 

I.A. .5%, were difficult to disperse and to fractionate by ordinary means. 
The trlp].oid eul  eu1  su1  endosperm phenotype (sweet-corn) was small, very 

isach wrinkled and shrunken (Zuber, 1965). The endosperma of the present range 

of amylomaizes were also small, shrunken and in some oases wrinkled. The 

regular maize was normally well-filled dent-corn and the waxy maize were large, 

plump kernels. The genie constitutions of those were unknown to the author. 

On steeping and milling the water soluble losses of the amylomaize were high, 

11 - ]S%, in comparison with the waxy and regular maizes, l. - 7%. Similar 
findings were made by Anderson et.al. (1960 , 1961 ). The amylomaizes showed 

very high levels of water imbibition during steeping; the grains increased by 

96% - 128% of their original weight, compared to 63% for regular maize 

(Anderson, 196), and the effect was noted also in the present work. As for 
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the sweet-corn, the granule-content of amylonisize endoaperme was less than 

normal for regular and waxy maizes,as discussed earlier, and the granules 

were also more difficult to free from adhering or associated protein. The 

latter effect had been indicated also for sweet-corn granules (Greenwood and 

Des Gupta, 198b). 

The foregoing observations suggested an association between granular 

amylose and extra-granular water-solubles content. It is postulated that in 

the high amylose maize embryos a genioafly-eontro]led over-supply of sugar is 

available to the starch synthesising loci in the amyloplasta, or at least 

present In the surrounding cytoplasm. The unusually high osmotic pressure is 

sufficient to withdraw some of the water soluble phytoglycogen (or amylopeotin-

precursor) and some short chain linear material from the precincts of the 

developing granule and the amyloplast. The imbalance created by the loss of 

this hydrophilic colloid, or the impoerisbment of the amylopeotin content, 

allows more intimate association of the synthesising and synthesised linear 

components. These in themselves, tend to be hydrophobic and highly self-

associative particularly at high concentration in aqueous media. The latter 

effect is sufficient to retard the extent of linear amylose synthesis and to 

bias the distribution of molecular size towards the shorter chain-lengths. 

The granule becomes malformed (of. Badenhuizen, l99; and Wolf et.al., 

19614 have already indicated that the tubular granules and protruberances 

appear to consist of isotropic amylose contained in a sheath of refractive 

ainylopeotin). Towards maturity, the granule is further hardened or plasmolysed 

by the increasingly strong ex-osmotic effect of the maturing cytoplasm, finally 

causing the proteinaceous plastid membrane (normally fragile, Buttrose, 1961) 
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to shrink and adhere strongly to the (amylopeotincus?) surface of the granule. 

The above hypothesis appears to fit most of the published data on amylo-

maize and its starch, and to explain the constitutions of the granules found 

in the present work. It is emphasised that in agreement with Greenwood and 

Thomson (1960) no radical departure from the current concepts of starch synthesis 

(Badenhuizen, 1963; Whelan, 1963) in the amylomaize is suggested, apart from 

the (a priori geniosny-controlled) translocation of unusually high concentrations 

of sugars to the developing endosperm cells. The subsequent biosynthesis, 

phenotype and constitution of the granules might be explained from this on a 

purely physioo..ohemioal basis. 

For further work it will be instructive to assay and characterize the non-

granular sacoharides and polysaccharides particularly at various stages of 

development of these endosperms. 	The material rapidly released from the 

amylomaize granule by hot water (possibly rich in nitrogen and branched molecules) 

and the composition of the residual granules will also be of interest. It 

appeared surprising that only 21 25% of the granule, containing up to ljO% of 

short-chain linear material, was leached by hot water. The granules, however, 

were largely unswollon- the treatment was insufficient to release the self-

associative bonding forces within the granule. It was surmised that mainly 

the granule surface material was removed by the hot water. The underlying 

surface then exposed was tightly knit with short chain linear material and was 

impermeable to the heat-depolymerized water molecules. Such exposed polymer 

ends which became associated by hydrogen-bonding with water, exerted insufficient 

disruptive force to further disaggregate the granule. In contrast, the amylose 

of the regular maize granules, many times richer in and more uniformly permeated 

with amylopeotin (Badenhuizen, 1963) was more readily available for water 

association. The amylose-free granules, from genotype wx wx wx, were of course 

particularly readily associated and swollen in hot water. 
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Comparison of laboratory and Commercial Samples of Maize Starch. 

A sample of commercially manufactured corn starch and a sample of the 

grain from which it was produced, were received from Brown and Poison Ltd., 

by courtesy of Mr, Frank Wood. 

Endosperm starch was prepared from the grain in this laboratory as 

described in General Methods. 

AnalXsis 	cotrxeraial starch.  

Crude protein, fat, fibre and ash contents (A.O,A.C., ig6oj A.A.C,C., 

197) and a specific viscosity value of the commercial starch sample were 

determined. The results compared with those of the laboratory preparation 

are ebCIWTZ in Table 1.3. 

The cesmiercial sample superficially showed a lower viscosity potential, 

but this could be due at least partly to its lover starch content and not 

necessarily to starch molecular degradation. The high degree of consistency 

developed in cold water slurries indicated that the commercial starch contained 

damaged granules, cold-water dispesable starch or other cold-swelling material. 

Microscopic examination showed the t the laboratory sample contained a greater 

proportion by number of small sized granules. 

For closer corparison of these starches it was thought reasonable to 

first physically purify the commercial riple to a level more comparable to 

that of the l&oorato'y preparation. 

Purification of the commercial sample. 

Removal of cold water-soluble materials 	The starch was slurried in freshly. 

cooled, boiled distilled water to ca 1.04 apparent density and stirred for 

2 hours at 2000  to disaregate granule clusters and to free from occluded air. 

It was then repeatedly centrifuged, slurried and re-centrifuged from distilled 
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Table )3 

Crude Analyses of Conmiercial and 
Taborator3' Prepared Maize Starches 

Ardiydrou 	spie, CM 

proteinb 0.72 0.24 

Fat°  0.66 O.u0 
Fibre ca 0.2 trace 
Ashd 0118 O,0 

Vi - jtr nubere 290 1420 

a CM, oo roi1 T2a1C rtarh; RM, laboratory preparation 

b KJe1dah1 nitrogen x 6.25 

Methartolic Scxhlelt, extraction. 
d 	Unsuipha ted 

a  i s/o, 0.I tilv 	hH, 0.4M, 250C 

r)ie 44 

Properties of Maize Starches in tSO solution 

peMa PA 

[ii] oiso, ra.g 
167 176 

Iodine affinity, 2000 4.95 5.15 
Iodine affinity, 	20C 

f3 .4iinit, 	% 62.5 61.5 
fI+Z.4imit1,% 6.6 66.0 

a 
PCM, purified aoaziieroial maize starch 
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water until the supernatant failed to stain blue with iodine. 

Removal of protein. The starch in water-slurry was shaken with ca 1/7th 

volume of toluene, repeatedly until no further proteinaoeous material was 

extracted. The gathered toluene-layers were washed free of occluded granules 

until the protein was bright yellow in oolouz'. The freed granules were re-

joined with the main starch. 

Removal of lipids. The centrifuged starch-cake was slurried in methanol and 

Soxhiet-extrac ted as described in General Methods 

Final preparation. The extracted starch was washed free of methanol, decanted 

from fast-settling specks of extraneous matter and screened through a 7t nylon 

mesh. 	It was stored under toluene saturated water. Its analysis (0.28% 

protein, 0.01% lipids) was closely comparable with that of the laboratory-

prepared starch, and it was noted that !% of the original anhydrous sample 

weight had been removed during purification. 	An alicot was dissolved in 

£1180, precipitated and redissolved as described for the laboratory-prepared 

starches. 

Adjustment of iabomt,ory-sample. 

The laboratory starch sample was used as it stood 	It was originally 

planned to first remove a portion of the smaller-sized granules. A granule 

size distribution visually comparable to that of the purified co.mmercial 

sample was obtained by sedimenting a slurry, LOld., 5.5 pH,20°C, 20 cm column, 

at ig, and decanting to waste the supernatant small granules 	om,at 

214. minutes. This represented a considerable decrease in granule population 

of the sample but a weight loss of only 1.8%. 
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Whole-starch properties. 

The intrinsic viscosities, iodine affinities, JI-amylase and ft+Z..enzyiue 

conversion limits of the whole starches in LISO solution are shown in 

Table ++ 

Fractionation and fraction properties. 

The butanal and iodine-ocsnplexing method of fractionation, as described 

p. 95 , was applied to each starch. The fraction yields and the properties 

of the major fractions are shown in Tables ) 5 )j L4 7 and 48. 

Results and discussion. 

The sample of commercial starch, as received, was less pure than the maize 

ath prepared in the laboratory from a sample of the same maize kernels. 

This was not to infer that the commercial starch did not fully comply with 

commercially acceptable standards of purity. Starches produced on a commer- 

cial scale are frequently superior in analytical and microbiological respects 

to many, sometimes inexpertly isolated, laboratory preparations. The 

ecimnercial sample contained appreciably more protein and lipids, which were 

largely removed by the special technique of Greenwood and Robertson (19) 

and as described above. A considerable amount of oold..water soluble poly- 

saccharide was also present. 

Many systems of oawneroial drying of starch, particularly those involving 

the slow removal of free moisture at relatively high air-train temperatures, 

induce the formation of bard aggregates of granules. 	Partly due to gelatini- 

zation and partial swelling of some of the granules (of. Schoch and Maywald, 

196) this effect is enhanced also by the presence of residual impurities from 
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Table if5 

a 
Yields of maize starch .racti'ns 

1racong % Starch 

FM 

C3 	Arny1oe 23.E 24J 

3(2+3) 	Recrystallization sikpernatante 1.4 119 

Sla 	Iodine-c1 70 4.6 

Sib 	fmyiopeo tin 6n.2 70.0 

Fractionation method, p.95 
b 	purified cceuoroia1 starch; ?4, laboratory preparation. 

Table if6 

ñ'operties of Aiiiyioses 

Maize starch AmyloSe 

[ii 	ml. 130 138 

Iodine affinity, 200C 19.5 19.7 

Iodine affinity, 	2°C 20,6 2011 

J 
-Thdt, 	% 84 85 

f+Z..1iinit, % 98 100 
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Table 14.7 

Properties of Fractions complexing 
with Iodine but not with n.Butartol 

iajze starch fraction, Sia RIM 

Yield, % of starch 7.0 4.6 

[ii 
DMSO, mLg 12 34 

Iodine affinity, 200 5.6 3.8 

86 69 

f+Z-iimit, % 98 9 

Enzymic chain-length 26 40 

Table 148 

Maize Starch fraction, Sib P024 RN 

Yield, % of starch 69.2 70.0 

DM80, io 17 

6.2 55.8 

Enzymic ohain-length 26 2 
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the starch-source. 	Mechanical attrition to reduce the dried starch to 

the fine powder required by commerce, inevitably inflicts a further degree 

of granule damage. The presence of gelatinized and damaged granules in a 

starch sample is not necessarily disadvantageous and indeed for certain 

applications, is a beneficial property of commercial starch. 

The more fully cold-water disperable starch was removed during laboratory 

purification of the sample. The purified commercial starch still contained 

noticeably more damaged granules than the laboratory preparation, as evidenced 

by microscopic examinations in congo-red, although no attempt was made to 

evaluate this quantitatively. 

The limiting viscosity number of the purified factory starch was very 

little less than that of the laboratory starch. The differences in apparent 

iodine affinity values obtained by titrations at 20 and 2°C, inlight of present 

investigations indicated that the factory starch might contain a larger amount 

of the lower molecular weight, linear molecules. Fractionation showed in fact 

a somewhat greater amount of non-butanol-oomplexing, iodine-ccmiplexed material, 

Sla, in the commercial starch. This fraction had a law viscosity and a shorter 

average chain length than the laboratory starch fraction. Further, the amylose 

and amylopec tin fractions of the commercial starch showed slightly reduced 

limiting viscosity numbers, but in other respects were virtually identical to 

the laboratory starch fractions. 

It is considered that the above evidence of slight molecular degradation 

in the commercial starch is relatively minor. The preliminary steeping or 

softening of maize grain for commercial starch extraction is almost invariably 

carried out in warm, dilute sulphurous acid, not exceeding ca 0.1 N. It acts 

primarily as a biocide, also as a mild bleaching agent and facilitates 



135 

separation of starch from cell-protein. 	Its presence is readily Suspected 

to cause hydrolytic degradation of the starch, and for this and other reasons, 

the manufacturer maintains its concentration at a minimum. There is no 

evidence that chemical degradation takes place during steeping; the extent 

Of S02-sorption into the endosperm is slight, perhaps controlled by a selective 

membrane permeability of the seed-coat layers and by the high buffering 

capacity of the seed substance. 

Since imbibition initiates germination, it is conceivable that the dormant, 

endogenous enzyme systems have been activated sufficiently during steeping to 

cause partial starch digestion. 	This could occur regardless of the presence 

of a biocide (sulphur dioxide, mercuric chloride, or other) in the external 

medium. Subsequent milling of the steeped grain in the presence of sulphur 

dioxide, as frequently practised, would make starch-degradation more probable, 

depending on the concentration of the acidic additive and the temperature and 

duration of the wet-milling process. 

From the viewpoint of fundamental investigations on strarchthis exercise 

emphasised that starch from careful laboratory i3oi otion dhouJ d be used in 

preference to commercial samples; in agreement with Montgomery et.al. (1964a). 

When a commercial or externally prepared sample must be used, attention should 

be pa(d to its physical condition as well as its chemical purity. 



SECTION 5. 

STUDIES ON RICE STARCHES 
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STUDIES ON RICE STARCHES 

Starches from three varieties of rice had been isolated, emined and 

forwarded by courtesy of Dr. S. 0. Juliano, The International Rice Research 

Institute, T*guna, The Philippines. The isolation procedure used was that 

of Risukuri and Nikuni (198) wherein the starch was freed of protein and 

fats using aqueous solutions of the surface active agent, sodium dodecyl- 

bensene aulphonate. The protein contents were reported as ICjeldshl nitrogen x 

The iodine affinities, or iodine binding capacities, I.B.C., were 

assessed by an adaptation (Williams, It *1., 198) of the method of McCready 

and Hassid (19143), wherein the absorbance of the complex was measured at 

90ny L  3 

T t1 e 49 

!?rothin I 
Rice Starch Varietal source 

A kinlaakit Sungsong Putt 0,60 0.17 

B engawan 0.914 4 ,25  

C Peta 1.15 5.52  

This was another oxampe of association of residual nitrogen contents 

of starches, comparably prepared., with the iodine affinity of the starches. 

This relationship was apparent also in genetic variants of sorghum starches 

and as noted earlier, in mime starches. 

The d efatted starches were examined pr*rily to obtain iodine affinity 

values by the method of Anderson and Greenwood (19). This was carried out 

in the usual way, by dispersion of sap1es, as received, in ICOH 0.14  M. The 

starches were also prepared for DM30 solution. In preparing discrete 
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whole-granule, aqueous slurries, it was apparent that much granule damage 

and aggregation had occurred. Discrete granules were removed, dissolved 

in t*S0 and t*ISO - re-solutions prepared in the usual way. The iodine 

affinity and Uniting viøeoity number of each starch in 1240 were also 

determined. 
Table 50 

ice 
iodine Affinity 
dispersed r nj L 

(1 UH/H3  PO4 DtS02 

A 0.08 0.08 110 

B 3.61 3,61 3143 

C 1.02 .22 12 

The forms of the potonbiomatric iodine titration curves are shown in 

Fig. 29 

It was noted that after both tttrations of the waxy rice starch, the 

intensity of colour in the test cell was very aiob less than that shown by 

waxy maize or potato anylopectin. Much higher concentrations of this starch 

and iodine were required, to give an unusual pink-brown or terra-cotta 

colouration. 

The apparent amyioae content of sample, a 18%, agreed with levels 

reported for rice starches by Anderson and Greenwood (19), Deatherage at al., 

(195). The amylose content of saple A, q& 21, was unusually high for rice 

starch, but did not approach the level, 321/o, found for starch from this variety,  

by Lugay end Juliano (1965). 
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SUNM.ARY 

A review of the literature indicated unusual diffioulties in the 

isolation and aqueous dispersion of high amylose-content starches. Results 

of fractionations revealed abnormality and disagreement in fraction yields 

and properties. The present work mainly concerned further investigation of 

these problems, using a range of maize genotypes and starches from various 

other sources. 

Starches were quantitatively isolated as intact granules in a state of 

high purity from various cereals. The yields were compared with chemical 

estimation of cereal starch content. These were in agreement except for 

the amylomaizee where the small-scale physical isolation of starch was 

superior in precision and accuracy to the chemical method. 

Pretreatment and dispersion of granules by various methods were re- 

examined. Hot water was an exceptionally poor solvent for amyloetaroh. 

HigIrooncentratjon of alkali than normally necessary for the dispersion of 

other starches at 200C, was required; neutralization precipitated the starch 

immediately. Dimethylsuiphoxide (DM50) was an excellent solvent and a 

method of rapid apparent solution was found. Complete molecular dispersion 

was strongly indicated but could not be unequivocally proved by ultracentri-

fugation. 

The properties of DM80 were studied and it was found under certain 

conditions to be a suitable solvent for physical measurements. The limiting 

viscosities of maize starches in DM80 decreased with apparent starch-amylose 

content. 

The presence of DM50 in aqueous starch solutions did not affect analytical 

and characterization tests, except to improve precision by allowing better 
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diapers ion of the polysaccharide. The reductions of original values of 

solubility and -amylase labilities of potato starch and amylose, due to 

prolonged ageing in air-dry state or in water at low temperature, were 

restored by solution in OMSO. 

The estimations of pure glucose, pure maltose, and reducing sugar from 

polyglucana after amylolysia or acid-hydrolysis, by the alkaline-ferrioyanide-

cerio sulphate procedure, were re-calibrated. A high order of accuracy was 

obtained in the assay of micro-amounts of dextrose by the glucose.-oxidase - photo- 

metric procedure. Starch could be assayed after enzymolysia to dextrose. 

Average chain-lengths of amylopectins and amylopeotin-type fractions in DNSO 

solution were determined by both the periodate and ç -arny1ase - pullulanase 

procedures. 

Potentiometrlo iodine titration of amylostarchee at 200C gave abnormally 

shaped absorption isotherms. Normally-shaped patterns were obtained at low 

titration temperatures. The iodine affinities of regular maize, waxy maize 

and potato starches, amyloses and amylopec tins, were largely independent of 

titration-temperature. With all polysacoharidea the iodine-binding occurred 

at progressively lower free iodine concentrations with decreased titration 

temperature, whilst degraded potato amyloses showed potentiome trio iodine 

binding - titration temperature dependence characteristics which resembled 

those of the amyloatarohes. 

Satisfactory fractionation of the amylosterches could not be obtained by 

conventional methods • An attempt to utilize the auto-precipitating property 

of amylostaroh as a means of self-fractionation, was unsuccessful. Repeated 

dispersion and ultracentrifugation gave a degree of amylostarch-fractionation, 

sufficient to demonstrate that a finite amount of ainylopectin of typical 

properties existed in these starches. 



A method of quantitative fractionation was devised in which the butanol-

complexing and then the iodine-ccmplexing materials were removed from the 

aqueous-34S0e taroh dispersion. From all the starches, the recrystallized 

butanol-complex had typical amylose properties, except that the viscosity-

average and the weight-average molecular weights tended to decrease with 

increasing apparent amylose content of the parent starch. The residual 

non-complexing materials possessed properties typical of emylopectin, again 

with a tendency to decreased molecular size according to parent starch amylose 

content. 

The yields of both amylose and amylopeotin from the amylostarches were 

less than those predicted by the alleged amylose contents of these starches. 

The intermediate or iodine-complexing fraction was a minor component (2-6%) 

of the waxy and regular maize starches, but became a major constituent 

(25.0%) of the anylostarohes. It was highly unstable in aqueous solution 

and was shown to be responsible for the abnormal iodine-absorption isotherms 

of the amylostarohes. It consisted largely of short-chain, linear-type 

molecules (average chain lengths ca 50 - 100). 

Preparations of ct-amylasedegraded amyloinaize-amylose (chain length 

2 - 12) which failed to complex with butanol, showed stability and iodine-

binding behaviours similar to those of the intermediate staroh-'fractions. 

The whole-starch iodine binding capacities at 20C were quantitatively accounted 

for by the Iodine affinities of the component fractions. 

It is suggested that the relatively large amount of short, linear material 

could be responsible for the extremely dense packing of the larger molecular-

size amylose and amylopectin within the amyloatarch granule. 

The properties and composition of laboratory and commercially prepared 
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maize starch samples were compared. After purification the commercial sample 

showed slightly higher levels of molecular degradation. The results were 

discussed with regard to manufacturing practice. 

A consideration of the genically associated features of high amylose 

content and high ter-soluble content of Zea maya erxiosperma, led to a 

simple hypothesis which was agreeable with published data on amylomaizes and 

which accounted for the present results of fractionation. Paths of further 

investigation were indicated. 

The iodine binding capacities of various rice starches hate been examined. 
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Studies on Starches of High Amylose-Content. Part 111*) 
The Fractionation and Properties of the Components: A Review. 

By G. K. ADKINS and C. T. UnxuNWoOn, Edinburgh (Scotland) 

In lro(luctlo a 

Starches from a very wide range of botanical mate-
rials have now been isolated and then amylose-con-
tents determined (I, 2), but it is of interest that, to 
date, only two species have yielded a starch contani-
ing more than 50(1/ 0  of imlylose. These two species are 
genetic variants of peas, l'isum sativum, and maize. 
Zea mays. In the case of peas, wrink led - see, de (1 Va-

rieties contain about 70 / of amylose (3), whilst high-
ainylose maize, am vio maize, contains 5001 o  (4), or 
more, of the linear component. 

Amvlomaize has been developed as a result of an 
intensive breeding programme (5, 6), because of the 
potential uses of high_aniylose starch in industry. Some 
genetic factors controlling the starch production in the 
plant  have been explained, and, indeed, starch has 
been bred containing some 800/0  of amylose instead of 
the usual 25 °/ 0 for regular-maize. Peas are also particu-
iarlv suited for genetic experiments, although those 

i) Part 1 of this series is: ('hem. and hid. [London] (1960), 
1100; Part 11: Bioc.hem. J. [London] 82 (1962), 156.  

relating to starch-content and starch-charaeteristics 
are. himted (7). in this case, the high amnylose content 
of ca 70 0/0  appears to be the inadvertent result, of breed-
irig. 

In view of the interest in, and coniniereial imiipor_ 
tance of, these starches, numerous investigations have 
been made of their properties and characteristics. The 
results have tended to suggest that starches of high 
amylose content are radically different in character 
from other starches. From a fundamental viewpoint 
particularly that of biosynthesis - it is extremely inn 
portant to understand the exact nature of these diffe-
rences, but many reports in the literature are at vari-
ance. 

It appears appropriate, therefore, to present at this 
stage a survey of the literature regarding high amy-
lose-content starches, with the object of indicating 
more clearly the problems involved. 

The Starch Grannies 

The starch granules from the wrinkled-seeded peas 
can be readily isolated, and purified free from protein 
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The Isolation of Cereal Starches in the Laboratory 

By G. K. AmcINs and C. T. GREENWOOD, Edinburgh (Scotland) 

Introduction 

We have recently started an investigation of the 
properties of cereal starches, in an attempt to extend 
our earlier studies on barley, oat and wheat starches 
(1, 2). Experience in this laboratory has shown that for 
fundamental studies, it is essential to isolate granular 
starch directly from the plant tissue, avoiding the 
use of any methods winch may cause inadvertent de-
gradation. The extraction and purification of starches 
from cereals is more difficult than is the case for many 
other botanical sources, presumably as the cereal 
grains normally contain much less moisture. Further-
more, the majority of starch is found in the endosperm, 
where it is embedded in the cytoplasmic matrix, and 
cracking or milling of the endosperm inevitably in-
flicts physical damage on a proportion of the granules. 

In our earlier work (1, 2), we extracted the grain 
directly in a Blendor in the presence of mercuric chlo-
ride to inhibit enzymic activity. The extract was then 
filtered through muslin, and the granules obtained by 
sedimentation. Protein impurities, which are consider-
able in cereal starches, were removed by repeated 
extraction of a saline suspension with toluene. This 
purification-procedure is, in fact, generally applicable 
to starches from a wide range of botanical sources (3), 
and it reduces the protein-content of the starch to a 
satisfactorily low level. With cereals, however, the 
removal of the relatively large amounts of protein ex-
tended the extraction operations to a rather unwieldy  

degree. Other procedures of starch-isolation have now 
been considered. 

On the industrial scale, the starch granules are loo-
sened in the matrix by a preliminary aqueous swelling, 
or steeping-process, of the grain. Steeping is carried 
out usually in the presence of sulphur dioxide, which 
denatures enzymes and helps to soften the protein-
starch matrix (4). Maize is perhaps the most important 
of the industrial cereal starches. Extensive reports 
exist in the literature regarding laboratory-scale ex-
traction-methods—for maize (5-7), waxy maize (4, 
8-10), and amylomaize (ii, 12)—which are based on 
the SO-steeping process. 

The recommended steeping conditions are, however, 
very variable, but more importantly, there is evidence 
that the starch-product is degraded in the presence of 
sulphur dioxide (8, 9). Methods have been described in 
which neutral-steeping has been used (12, 13), but it 
is essential that the starch is then purified and freed 
from protein by methods which do not involve chemical 
treatments, for example by the use of alkali (13, 14). 

There are relatively fewer detailed reports of the iso-
lation of other cereal starches, such as bailey, and 
wheat starches, although methods involving alkaline 
treatment (15), sulphur dioxide steeping (16), and neu-
tral-steeping (5, 17, 18, 19) have been described for 
these materials. 

The quantitative effectiveness of the above proce-
dures has been to some extent limited; pure starch in 
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yields of about 80° o is usually obtained. A further 
10-15 °t)  can be obtained as a secondary- or ,,tailings" 
starch of reduced purity, i.e., granules from the lower 
end of the size-distribution, which sediment at similar 
rates to the contaminating protein with which they 
are often physically associated. The remainder of the 
starch is probably lost in the extraction procedure. 
Few attempts appear to have been made to isolate 
starch fi'oin cereals in quantitative yields. 

In this work, we have been concerned with the iso-
latioii and purification of native starch granules from 
barley, oats, rye, wheat, and maize and its genetic 
variants. Methods have been developed for achieving 
this on the laboratory scale (1 kg). Starch has also been 
quantitatively extracted from these cereals on the 
5g-sample scale. 

Materials 

The following samples of cereals were used 

Amyloinaize 
,,Amylon 70" was provided by courtesy of the Na-
tional Starch and Chemical Corporation, Plainfield, 
New Jersey, U.S.A. The starch of this sample was 
reputed to contain 70°/a  of amylose. 

,,Amicorn 5", with 57 0/o of amylose. 

,,Amicorn 5", A-578" with 62 0 / o  of amylose. 

.,Amicorn 6", with 670/ of ainylose. 

,,Arnicorn 7", with 750 / o  of amylose. 

Samples 2.-5. were kindly provided by Dr. M. J. 

WOLF of the U. S. D. A. Northern Regional Laboratory, 
Peoria, U.S.A. 

Barley 
Variety, ,,Ymer", 1964-crop, grown locally. 

Oats 
Variety, , ,Biencla", 1964-crop, grown locally 

Maize 
Yellow American, by courtesy of Brown and PoI-

son Ltd, Manchester, England. 

Rye 
Variety unknown, 1964-crop, grown locally. 

Waxy Maize 
Variety unknown, by courtesy of Brown and Poison 

Ltd, Manchester, England. 

Wheat 
Variety, ,,Capelle Desprey", 1964-crop, grown lo-
cally (intermediate between a bread- and biscuit-
wheat). 
Variety, ,,Maris Wigeon", 1964-crop, grown locally 
(high-quality bread-wheat). 

Analytical Methods 

Estimations of moisture content were macic by grind-
lug small samples rapidly in a small hand-mincer 
into a closed container. Portions were then dried for 
IS hours at 80°C and 10 mm Hg. 

2. Semi-micro K,jcldahl estimations were made to de-
termine the nitrogen-content of the samples. 

:3. The ash, fibre and fat-after-hydrolysis contents were 
determined according to methods detailed in ,,Me-
thods of Analysis" (20). 

4. The starch-content of some of the maize samples was 
detern,iined by pei'chloric acid extraction: the me-
thod used was a modification of that described by 
1-lASS! D and Nuv I'ELD (21): Samples of grain, which 
had been ground to l)55  a 200 f l-mesh screen, were 
extracted with hot ethanol to remove soluble saccha-
rides. The starch granules in the residue were then 
gelatinized by treatment with boiling water before 
perchioric acid extraction. In the case of the regu-
lar maize and the waxy maize, two such extractions 
were sufficient to remove all the starch as shown by 
microscopic examination of the iodine-stained resi-
due. However, the amylomaize endosperm requited 
a third extraction, but even after this, the centri-
fuged sediment still contained a few starch granules. 
The perchloric acid extracts were centrifuged, fil-
tered through a glass-sinter (G3), and the saline-
iodine reagent added at 18°C. Precipitation of starch 
was complete, as shown by inspection of the iodine-
stained supernatant. (Identical results were obtained 
when precipitation was carried out at 6°C). The wa-
shed, precipitated starches were dissolved in hot wa-
ter. rendered 0.75 M in sulphuric acid, and then 
hydrolysed for 2 hours at 100°C. Liberated glucose 
was then determined by the alkaline ferric'anido 
method (22). 

Laboratory-scale Extraction 

Preparation of grain 
Extraneous matter, damaged and diseased kernels. 

wereremoved from each sample of grain. Samples 
(1 kg) were then washed with distilled water, rinsed in 
dilute wetting-agent (0.010/0) to remove occluded air, 
and washed thoroughly again with water. 

Steeping procedure 
The steeping medium was distilled water buffered 

at pH 6.5 (0.02 M, acetate) and rendered 0.01 M in 
mercuric chloride. It was added to the grain in appro-
ximately twice the apparent volume. 

The smaller cereals, barley, oats, rye and wheat,. 
were held at 6°C for 30 hours. 

The maize samples were steeped at 40°C for 40 to 
50 hours. During these periods, the steep-water was 
drained-off occasionally, the grain washed with sterile 
water, and fresh steep-water added, maintaining the 
systems always in the range 6-6.5 pH. 

Extraction of starch 
The softened kernels were drained, washed and reduc-

ed to a fine, porridge-like grist in an electric meat-min-
cer. 

The barley, maize and oats grists were slurried to 
5-6°B6 (ca. 1.04 apparent density) with sterile water, 
and sieved successively and rapidly through 150 and 
75 m-vibrationa1 screens. The cohesive grists of the 
rye and the wheats were kneaded under water be-
fore screening. 

The steps of grinding, slurrying (or kneading), and 
screening, were repeated until the screen-overs were 
dark in colour and visually free of fine, endosperm-
grits. The cohesive grists became bright-yellow to dark-
brown in colour, elastic or rubbery in texture, tending 
to crumble with bran-content as the kneading pro-
ceeded. 
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Purification of the starch-product 

The fibre-free slurry was allowed to settle in a bea-
ker. The top-starch and the proteinaceous bands were 
separately removed by gentle suction as they formed. 
These portions were re-sedjmented and separated. The 
bulked, white-starch sediments in distilled water were 
security-screened. (75 u), and shaken in aqueous saline 
suspension, (10'B6), with toluene (one-eighth volume) 
overnight. 

The toluene-layer, bearing denatured protein, some 
fat and, sometimes, occluded small-gi'auules, was se-
parated after very mild centrifugation. The shaking 
was repeated with fresh toluene, and the combined 
toluene-layers freed of any granules by washing in 
water. 

The purified starch was centrifuged at high speed, 
decanted, (Tried of surplus moisture, and quickly weigh-
ed. 

The starch for temporary storage, was slurried in 
distilled water saturated with toluene, and stored un-
der toluene in a cool, dark position. 

Defattinq 

Portions of starch -cake (140 g wet-weight) were 
slurried in methanol, transferred to 25 cm-thimbles, 
capped with defatted cotton-wool, and Soxhiet-ex-
traeted with hot methanol for a minimum of 150 
siphonings. 

The defattcd starch was washed in sterile water 
until free of methanol, and stored under toluene as 
before. 

Starch yields 

The yields and analyses of the starches are shown 
on Table I. Fibre contents were negligible; ash con-
tents (unsulphated) were less than 0.1 0/0. 

Table I 
Yield and purity of starch from laboratory-extraction method. 

Cr, c 	al Yield 
(°/)) 

Protein  
(%)')  

Fat 

ljndefatted Defatted 

Ainvlomaize 1 50 0.40 0.57 < 0.1 
Barley 55 0.22 0.55 n.d.3) 

Oats 58 0.30 n. d. < 0.1 
Maize 60 0.21 0.50 < 0.05 
Rye 46 0.27 n. d. n. d. 
Waxy Maize 65 0.18 0.43 	1 < 0.02 
Wheat 1 66 0.14 n. d. n. d. 
Wheat 2 59 0.22 1 	0.35 < 0.05 

2) Expressed on a moisture-free basis. 
N x 6.25 

n. d. = not determined. 

Discussion 

The yields of starch obtained from the various cere-
als are shown in Table 11. It has to be emphasised that 
these resulted from a neutral steep without the addi-
tion of any reagents to loosen the proteins. Indeed, the 
yields of starch from the barley, oats and wheat were 
good considering that they were steeped under chilled 
conditions. For this reason, the yield from the rye was 
rather poor, but no attempt was made to repeat the  

extraction by steeping at a higher temperature, in 
order to reduce the possibility of inadvertent degrada-
tion of the starch. The oats were difficult to process 
owing to the ''elayey" nature of the protein, but, nev-
ertheless, the yield of starch was good. 

Residual protein-contents of the starches were at 
satisfactory low levels considering the relatively high 
yields of available starch. it is to be noted that the 
protein-content of the maize starches appears to in-
crease with increase in apparent amvlose-content. 

The steeping, extraction and purification procedure 
described above, is definitely to be recommended for 
cereal starches, rather than the one we have used ear-
lier (1-3) it is far more rapid, the yields of starch are 
higher, removal of contaminating protein is more effi-
cient, and there is less possibility of inadvertent degra-
dation of the starch. 

The success of this extraction method was shown 
when the starches were fractionated, and the proper-
ties of the amylose components studied. As shown in 
Table 2, the limiting viscosity numbers, i], of the 

Table 2 
Limiting viscosity numbers, [n], for the amylose components 

of some cereal starches extracted by a neutral steep 

Anylose 	Barley Maize 	Oats 	Wheat 1 

355 	2902) 	425 	1 	330 

Measured in 0.15 M KOH 
Measured in 0.3 M KOH 

amyloses were much larger than those previously re-
ported (1-3). This indicates that inadvertent modifi-
cation of the starch had been reduced to a minimum. 

It is to be noted that our procedure for wheat starch 
is similar to that described by SCHOCH (5), and by 
WOLF (19). 

2. Quantitative Starch-extraction 
A quantitative extraction of starch was attempted 

for waxy maize, regular maize and the five types of 
high-arnylose-content maizes. 

Sampling of grain 

By subjective sub-sampling of each cleaned maize-
type, 13 or 14 whole sound berries (not exceeding 5g), 
were chosen to represent the morphological types found 
along the length of the cob. Each sub-sample was weigh-
ed and its moisture content accepted as that of the 
parent sample. 

Steeping procedure 

Steeping was carried out in loose muslin bags immers-
ed in the same steeping medium at 40°C and pH 6.5, 
as for the laboratory-scale extraction. 

After 12 hours, the samples were sufficiently sof-
tened to allow hand-dissection, whilst the starchy-
endosperm was still in a firm condition. The seed-coat 
was peeled off carefully and completely, and any ad-
hering traces of endosperm were scraped-off. The germ 
was excised without damage to the endosperm. All the 
portions of endosperm were then quantitatively collect-
ed by centrifugation, the water decanted, and repl-
aced with steeping medium. The tubes were loosely 
stoppered and returned to 40°C. 
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After about 30 hour's total steeping-time, the steep-
liquor was removed, and the endosperms gently ground 
in the tube with a quartz pestle. The suspended, grit-
free slurry, consisting mainly of starchy-endosperin, 
was passed through a 75 1i-mesh, and stored in toluene-
saturated, sterile water at 4°C. The grits and unsof-
tened endosperm were re-steeped at 40°C for a further 
20 hours. They were then readily reduced to a fine, 
grit-free condition. 

Extraction of starch 

The ground-product was combined with the suspend-
ed slurry obtained above, and passed repeatedly 
through 75 p-Nylon mesh. The screen-overs were exa-
mined minutely for any starch-bearing fragments: 
normally they showed a few grits and a little clean 
fibre. Any grits were soft, and easily macerated before 
being re-screened. All these operations were carried 
out ensuring that no portion of the sample was discard-
ed. 

Purification of the starch-product 

The starch-product was purified free from protein 
by sedimentation at pI-I 4.2. The screened slurry was 
adjusted to pT-1 4.2 with acetate-buffer and stirred at 
40°C for 20-30 minutes. On standing, the clear super-
natants and brightly-coloured proteinaceous layers 
were removed and allowed to re-sediment in a fiat-
bottomed tube. The main sedimented starch was re-
slurried in acetate-buffer (ph 4.2, 0.02 i\I) and allowed 
to sediment, extracting the supernatant as before. The 
small amounts of starch sedimenting from the two 
supernatants, were returned to the main starch and 
adjusted to pH 7. 

The total starch was then repeatedly centrifuged 
and decanted to free it from buffer salts, filtered on a 
tared G4  sinter, washed with acetone and dried by 
reverse flow of anhydrous nitrogen. After approximate 
equilibration with ambient atmosphere, the filter and 
contents were weighed, and aliquots of the starch 
taken for moisture estimations under vacuum, 10 31nm 
Hg, at 80°C, overnight. 

The yellow supernatants were cleared by making 
0.02 M in cuprammine sulphite reagent (23), and the 
apparently heavy populations of small granules reco-
vered by centrifugation, filtration and washing. The hy-
drous weights of this fraction, however, rarely amount-
ed to more than 2 0 /0  of the main starch-fraction. 

Results and Discussion. 

These extractions were designed to estimate maxi-
mum physical yields of whole-granule, high-purity 
starches, taking into account the following observa-
tions: 

Thorough and uniform softening of the endosperm 
was essential for high extraction of the starch. The 
horny area of the endosperm was prone to produce 
grits resistant to grinding, and intensive grinding 
possibly resulted in granule damage. 

Non-endosperm parts of the maize grain, the germ, 
the pericarp and aleurorie layers, contained starch 
granules of a different type. Quantitatively, these 
thin, elliptical, blue iodine-staining granules were 
of little significance. They were, however, also pre- 

sent in the red-staining waxy maize, and the remo-
val of the germ appeared desirable. Moreover, the 
germ and the bran decreased the grinding efficiency. 

The screens used were most desirably selected to 
pass the maximum granule size. It was inevitable 
that grinding would produce some fibrous and cell-
wall fragments of similar size, and the best compro-
mise was to screen off anything significantly larger 
than this. Since the granule diameter of regular-
and waxy-maize starches rarely exceeded ca. 35 It, 
screens of 45 or 50 ,it mesh diameter appeared suit-
able. 
However, the amylomaize starches contained an 
abundance of irregular shaped granules (24), the ex- 
tremes of which were sausage-shaped, 	It diame- 
ter and 100,u in length. Test-runs on slurries of amy-
lomaize starches showed that 75 u-mesh was a rea-
sonable compromise, with little tendency to retain 
the unusually long granules. 

The differential in settling rates under gravity of 
the granules and the hydrated, insoluble protein in 
the screened slurry, appeared to vary according to 
pH value. At room temperature, it was found that 
at pH 6-6.5, reasonably sharp separations could 
be made; at pH 4.9-5.4, the separations appeared 
remarkably poor; but at pH 4.0-4.3 and ca. 1.05 
apparent density, the starch settled out very quickly 
into a clean, white deposit, leaving a bright-yellow 
protein-layer in the supernatant liquor. The super-
natant laver contained a relatively minor amount 
of starch, the bullc of which was removed by further 
sedimenting. 

The water-insoluble, proteinaceous material was 
readily dissolved in euprammine sulphite reagent 
(23), releasing the associated starch granules in an 
intact condition and enabling their physical separa-
tion in a high degree of purity. (Since this starch 
had been subjected to alkaline conditions, however, 
it was doubtful that it should be considered entirely 
suitable for fundamental studies). 

The yields and purity of the starch obtained from 
maize and its genetic variants, under these conditions, 
are shown in Table 3. However, an evaluation of the 
efficiency of extraction can be made only if the 
starch-content of the grain is known. 

The chemical estimation of the starch-content of 
cereals is rather unreliable. It depends on the efficiency 
of the method extraction of the starch, winch is itself 

Table 3 
Yield of starch from quantitative extraction of grain 

Yield 
(/o) 	) 

Protein 
('I,)') 

Ainyloinaize 1 60 0.38 
Amyloinaize 2 61 0.39 
Amylolnaize 3 62 0.35 
Amylomaize 4 60 0.46 
Arnylomaize 5 58 0.44 
Regular maize 71 0.19 
Waxy maize 72 0.09 

Expressed on a moisture-free basis 
0/ N x 6.25 
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dependent On the physical preparation of the sample 
for analysis (25). In addition, there is a low degree of 
confidence in the accuracy of various methods for 
true-moisture-content estimations (26). 

In our experiments, the pereliloric acid extraction 
method was used for waxy-maize, maize, and amy-
loiiiaize 1. The estimation was found to he satisfactory 
and reproducible for the waxy-maize and maize grains, 
but not for the ainylomaize sample. The latter sample 
was found to contain residual, gelatinized and ungcla_ 
tinized starch granules even after extensive extraction. 

The results of chemical determinations of the starch-
content of these cereals compared to the yield obtained 
by the procedure described above, are shown in Table 4. 

Table 4 

Comparison of chemical-estimation of the starch-content of 
cereals with that 01)1 ained by quantitative extraction 

0/, anhydrous oomph, 

\V 	x-iiaize Maize 	Amyl onahze 1 

Chemical-estiniation 72,4 73.2 55.71 ) 
Physical-yield 72.5 71.8 59.4 

1) Under-estimation: incomplete extraction of granular 
starch, see text. 

For the maize and waxy-maize, the chemical estima-
tions and the physical yields are in reasonable agree-
ments, and it would appear that our isolation proce-
dure has resulted in essentially complete extraction of 
the whole-granule starch-content of each of these ce-
reals. 

In the case of the amylomaize, the physical yields 
exceeded the chemical assays. There was little doubt 
that the chemical method was inadequate for the esti-
mation of the starch-content of this cereal. It is sug-
gested that a precise, small-scale, isolation-procedure, 
such as that described above, is more accurate than 
chemical methods currently available, for the estima-
tion of total, granule-starch content of high-amylose-
starch cereals. Furthermore, the method supplies a 
starch which is representative, not merely of the more 
readily available portion, but of the total starch of the 
grain-sample, and in quantity sufficient for many of 
the usual characterisation tests. 
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Summary 
A general method is described for the isolation of 

native starch granules from cereals on the laboratory-
scale (1 kg). The technique has been applied to barley, 
oats, rye, wheat, and maize and its genetic variants. 
It involves a neutral steeping-process in the presence 
of mercuric chloride at low temperatures, (6-8C), 
except for the maize, where 40°C was more satisfac-
tory. The completely softened grain was carefully 
macerated and the starch extracted with sterile water. 
Where a cohesive protein-matrix was formed (i.e. for 
the rye and wheat), the starch was effectively removed 
by kneading under water. The product was then care- 

fully screened to remove the maximum amount of 
fibre without loss of starch. Contaminating protein was 
largely removed by repeated sedimentation in water, 
and the starch finally purified by shaking the aqueous 
suspension in toluene. 

This procedure provides a convenient and rapid me-
th od for obtaining protei ri-free, native starch granules 
in high yield. The high limiting-viscosity number of the 
amylose component indicates that inadvertent degrada-
tion has been reduced to a minimum. 

In addition, a method is described for obtaining the 
maximum physical yields of native starch granules 
from a 5g-sample of cereal. The technique has been 
applied to maize, waxy maize, and aniylomaize. It 
would appear that our isolation procedure resulted in 
essentially corn plete extraction of the whole granule 
starch-content of each of these cereals. It is suggested 
that a precise isolation-procedure, such as that des-
cribed, is more accurate than the chemical methods, 
currently available, for the estimation of the total gra-
nule starch content of high-am lose-starch cereals. 

Zusam inenj assu ng 
Es wird Pine ailgemein an wendbare IJlethode zur Iso- 

hem 	ng von native v, Starkekorn era o us (,'eti'e idea un 
Lahomatoriunis-Ma,Ostab (1 kg) beu'hriehen. Die Tee/i - 
nik act auf (lerste, Hafer, Ro(/(Jel, JJ'eizen and Mais iind 
SC ii) e yen et isehe a A bhmrten a ngewendet womd' n. Sie urn - 
fa,9t era neutrals's Qneliverfahren. in Gegenwart von Queck-
silberc/ilorid bei niedriqen TJ'einpeiaturen (6-8°C), 
anf3er/nr Mais, wo 40°C zufried nit(lle) (her u'aren. Das 
vollir, cinjqen'eichte Getreide warde sorgjiiltig mazeriert 
und de 0S'torke mit sterilern J4crsser extra/i iert. Wo .sieh 
Pin 	zusarninenhangender Proteinkue/ren bildete (d. ii. 
bei Roqgen end Weizen), wurde die StOrke wirkscrrn durch 
Aneten unter J4Tas8er ent,fernt. Das Prod akt wurde dana 
sorgfdhhig yeoichtet, urn An gr5/3ten Teil der Fasern 0/ole 
Sttim/ceveriust zu entfernen. Veranreinigendec Protein 
wurde weilgehend dare/i wiederholte Sedimentation in 
Wasser entj'ernt, und die Sldrke wurde schuief3iich dvrch 
Schuttein der wa/3rigen Aufcc/rlc'immang in Toluol ge-
rein igt. 

Dieser lrorgang stelit eine gate und sc/i ache Met/code 
zur (Jewinu ring von proteinfreien nativea Stdrkckörnern 
mit hoher Ausbeute day. Der hohe Wertj'fir (irenzviskosi-
tat der Amylosekomponente zeigt, dap cia unbeabsichtig-
ter Abbau auf cia. Mimi irn urn red uziert worden ist. 

Auf3erdein win! cow Jhlethode zur Gewinnung von 
maximalen physikahischen (absoluten) Ausbeuten von 
flat iven Stärkekbricern airs einen? .5 g-Muster von (let reide 
beschrieben.. Die Technik ist auf Mais, Waxy Mais mind 
Amylomnais an gewendet worde a. Es stehlte sic/c heraus, da/3 
unser Isohierungsverfahren cia e besonders volistandige 
Ext rakt ion der gesamten Stbr/iekörner (IUS jeder dicier 
(letreidearten ergab. Es wird darauf hingewiesen, da/3 cia 
de,finiertes Isolierungsverfahren, wie clas besc/rriebene, ge-
nanem ist als augenbiickhieh zur Verfilgung ste/re nc/c cherni-
sche ]hlethoclen zur Schatzung des (/esamtgehaltes an 
Stdrkekomnemn von (letreidearte mc mint hoc/i amylose/maitige a 
Stärken. 

Résumé 
On décrit uric méthode généralenient applicable pour 

isober les grains d'amidon natifc dv blé a l'échehle de 
baboratorre (1 kg). On a appliqué ha technique an seigle, 
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an Jronient. a l'avoine, c'i 1 urge, an mats et as's dértues 
,qtn cliques. La nutJiode coiiiprend un procéc/c de trunpe 
nentre en presence de c/i orure dc niercure (I basse tempera-
ture (6-8"C), excepiC pa icr le cas (lit 1nais on une tempe-
rature c/c 100(1  a don nC des resultats p1 us .sattsJa isan t. 
Le b/C conipletement treinpC a soigneuxenient CtC inucere 
et l'am ic/on a etC extra it a l'aide cI'ea a stCrilisCe. Quand ii 
sc formait une crc;nte cohCrente c/c protCine on a C/iminC 
avecs uccCs I'ainu/on en pCtris.sant sons l'eau (chez le 
sei(le ci le froment). Le proc/u it fut alors soigneusCineiit 
inspecte pour en/ever In cnaorite des fibres chres .vans per(lre c/c 
l'ainidon ifin d'Cvifer iII1e contamination pa 1 in protCiiie. 
cette (fern iCi'e fat Clin,inCe par une sCc/iinentation répCtCe 
dans lean et finaleinc'nt on a purifiC i'ain u/on en extrai-
haul la s uspe us ion aqueuse a i'aide c/c tofu/ne. 

Ce procedC constitue une borne n,Cthodc rap ic/c pour 
l'olitention avec un boa rendeinent de grains d'ain ic/en 
dCpouruns de protCine. La c'aleur ClevCe c/c la visco.sité 
liniite c/c la coinpesante d'ainyiopectine inclique, qn'une 
dCcjradation non intentionnCe a etc rCduite a un in in i/n uni. 

On c/Cent en outre une niethocle perinettent d'obten iv 
fec grains d'amidon natif avec un rendeinent physique 
(absolu) maxim ii in a part iv d' nn Cchan tillon c/c blé c/c 
5 gr. La technique a etC app/i quCe an maiL, ciii.. T'Vaxy 
mats et a iannjloinais. On a pu constater. qne noire pro-
cCdC d isolation permnet une extraction extrCniemne lit Coin-
plete dc la tot alitC des grains d'ain ic/on c/c chacune dc ces 
variétes /e blC. On rend attentif an fait qu'un procCdC 
c/isolation bien defini comimie ce/ui c/cent ici, est plus 
exact que les mCthodes chimique.c actuelleinent aecessibles 
/i /'estiination c/c la teiieur totale en grains ci anudon des 
vcerutes c/c h/C aijant des amidons a fortes teneurs en amy-
lose. 
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Studies on Starches of High Amylose-Content. Part V.*) 
The Ultra centrifugal Fractionation of Aqueous Dispersions of Amylomaize Starch 

By G. K. AunINs and C. T. GREENWOOD, Edinburgh (Scotland) 

Introduction 

Earlier papers in this series have discussed the pro-
blems involved in the fractionation of amyloma:ize 
starch (1, 2, 3). We have shown that an ,,anomalous 
amylopectin' is obtained after the precipitation of 
am ylose as a complex from aqueous dispersion, but 
that normal amylopectin can be obtained from this 
material by differential ultracentrifugation (2,3). 
It appeared possible, therefore, that the direct ultra-
centrifugation of an aqueous starch dispersion might 
provide a simple, effective, and non-degradative me-
thod of achieving the fractionation of amylomaize. 
This paper describes the results of such an approach. 

Experimental Methods 

Starches and their dispersion 
Endosperni starches had been prepared in high 

yields and purities from a series of dent corn samples. 
These were waxy-maize (W), regular maize (R), and 
five amylomaizes (I-1A57. HA 62, HA 67, HA 75 and 
Arnylon 70) (4). The starches were stored in sterile 
water under toluene. 

The required amount of each starch was successively 
slurried and centrifuged several times in aqueous me-
thanol, methanol, and in water, the final wash being 
buffered at pH 7 (0.2 0/  of 0.3 M citrate). The drained, 
clamp starch-cake was suspended rapidly in half the 
volume of dimethylsulphoxide. Any insoluble, swollen 
granules were removed on the centrifuge, and resus-
pended in the remainder of the (limethylsulphoxide 
with moderate stirring. Complete solution had appa-
rently occurred within 3 hours at 20°C. Centrifugation 
for 20 mins. at 1500 g revealed no visible sediment. 
In the manner of LEACH and SCHOCH (5), the upper 
portions of the centrifuged solutions showed specific 
viscosities identical with the parent solutions. Micro-
scopic examinations of the bottom portions of the 
centrifuged solutions showed only occasional traces of 
particulate material. 

The (himcthylsulphoxidc solutions passed readily 
through a G3 glass sinter filter provided the following 
concentrations of starch were not exceeded: Wi - 1.50/(); 

3 0/0; HA57 	5 0/0; HA75 	7 0/ weight per 

*) Part IV, Carbohydrate Res., in the press  

volume of solvent. Above these approximate levels, 
the consistencies developed to undesirable propor-
tions. 

Freshly-cooled, deoxygenated, distilled water (buf-
fered at p1-1  7) was used to dilute each starch solution 
to 0.4-0.5 °/0stareh concentration. The aqueous disper-
sion was immediately immersed in a boiling water-bath 
for 50 mins. with continuous stirring in a nitrogen 
atmosphere. The solution was then passed rapidly 
through a G3 glass-sinter, and maintained at 35-38°C 
prior to centrifugation. 

Sedimentation procedure 

140 ml of solution were centrifuged at 93 < 10 for 
90 ruins.  at 37°C (Spinco Model L ultracentrifuge). 
The supernatant liquors were then removed down to 
the sharply-defined interface, with considerable preci-
sion, by means of a coarse capillary under slight vacu-
um. Each sediment was dissolved in water, filtered as 
above, and then recentrifuged. 

Centrifugation and redispersion were carried out 
three times. The third sediments were freed of traces 
of dirnethylsulphoxide and buffer-salts by twice preci-
pitating the polysaccharide from aqueous dispersion 
with ethanol. Re-dispersed in water, the sediments 
were subjected to two more ultracentrifugation-cycles. 
It was found then that the resultant sediment consisted 
of two zones with little polysaccharide remaining in 
the supernatant liquors. In the final centrifugation, 
these two zones were separated to yield sediments 5a 
and 5b. These products were finally dispersed into wa-
ter prior to examination. 

Characterization of Products 

Details have been given elsewhere (6,7) of the me-
thods used to measure the iodine affinity; the percen-
tage conversion into maltose under the action of (i) 
9-amylase, and (ii) the concurrent action of 3-amylase 
and Z-enzyme; and the average length of unit-chains 
by peiiodlate oxidation. 

Results and Discussion 

Ultracentrifuqation 

The solutions of the amylomaizes (0.4_0.50/o) had to 
be ultra centrifuged immediately after their prepara- 
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Fig. 1. Potent iometric iodine-titration curves for Sediment 3 
(curve 1) and Sediment Sa (curve 2) for (A) HA62 arnylo-

maize, and (B) HA 75 amylomaize. 
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tion, because of the inherent instability of a portion 
of the starch (see below). Control experiments were 
carried out on waxy maize and regular maize starches. 
All the ultra cent rifuged solutions were similar; they 
were water-clear and there was a sharply-defined 
boundary between the supernatant liquor and the 
viscous sediment. The final sediments, after removal 
of salts and dimethylsulphoxide. consisted of two 
zones. With the waxy starch, the upper-sediment 
surmounted a clear, soft semi-gel, whose boundary was 
defined only on decantation. The regular maize lower-
sediment was a less-soft gel, whose boundary was more 
definite and visible, whilst the anmylomaizes gave 
lower sediments of clear, (tense gels from which the 
viscous upper-sediments were readily separated. 

Table 1 
Yields') of Fractions obtained at Various Stages of the 

titracentrifugation of Starch Dispersions 

StarclO) 	 W 	It I HA 57 hA 6" B& C7 AmiOii 70 	11  75 

Fraction') 	I 

Sediment 199 75 	47 	40 	38 	35 	33 
Sednnent 3 98 70 	37 	21 	20 	- 	 16 
Sedinent .5a 97 	65 	19 	14 	9 	- 

Sediment Sb 1 	5 	17 	6 	10 	 13 

Expressed as 0 of original starch. 

WT - waxy maize: 1% regular maize; other samples 
are aniylomaizes and numbers represent the apparent 
percentage of amylose in the starch. 

Numbers indicate the stage of ultracentrifugation. 

Table I shows the yields of sediment obtained at 
different stages of ultracentrifugation. The yield of 
sediment I was closely related to the a pparent amy-
lose-content of the different starches. For the waxy-
and normal- maize starches, further ultracentrifuga -

tion 
ltraeeutiifuga -

tion had relatively little effect on the yield of sediment, 
whereas re-centrifugation of the amylonsaizes resulted 
in a continuous loss of material. Furthermore, for the 
amylostarches, there was a profound change in the 
iodine-affinity, the i-limit. the (1 ± Z)-limit. and the 
apparent chain-lengths between the properties of 
sediment 3 and sediment 5a as shown in 
Table 2. 

Table 2 
Properties of Fractions obtained by the Ultracentrifugation of 

Starch Dispersions 

5taie10) W 10 

Uractioli') I. A. 	) 	[tJ')[flZ] ')C. 	I. .') I. A. 	[t] [PH C. L. 

Sediment 3 0.11 58 nd.6) 250.25 58 ~ n.d. 27 
Sediment 5a 0.04 54 55 24 0.08 55 n. d. 25 
Sediment 5   1.70 86 95 	in.d. 1.50 80 87 n.d. 

Starch HA 57 HA 62 

Fraction IA. 	[pJ 	fP .-Hz]c.L. IA. 	[fi] [p-zj 	CL. 

Sediment 3 1.44 	64 . d. 391.65 67 79 38 
Sediment 5a 0.07 54 mi.d. 27 0.09 54 55 26 

m Sedient Sb 3.02 	76 93 nd. 4.86 78 1 	84 n. d. 

Star], 11A67 I 	- 	 MATh 

Fractiou 	 I. A. 	Ip] 	[P±Z] I C. a. 11. A. 	[p[ 	[t-, -Z] CL. 

Sediment 3 	1.35 64 	72 	38 1.88 71 n.d. 42 
Sediment 5a 	0.07 53 nd. 27 0.11 53 54 29 
Sediment 5 	2.68 74 	82 nd. 2.51 80 88 mmd. 

1) As in Table 1. 
2)J A. - iodine affinity (0/,) 

[111 	/3 -amvlol',-sis limit. 
[ 	Z I 	(/3 i Z) -anmylolvsis litu it. 

) Average chain-length by periodate oxidation. 
6) 11. d. 	not determined. 

Properties of the sediiaen ted . ,a ma ylopectin -fraction 

The control experiments on waxy maize and regular 
maize (Tables 1 & 2) indicated that this dispersion and 
ultracentrifugation procedure yielded - at. all the 
stages of ultracentrifugation examined - a sediment 
of normal aam ylopectma in almost quantitative yields. 

It was of interest that the suhfraction of the final 
sediment (Sb) of the waxy starch stained blue with 
iodine and had a high l-amvlolvsis limit indicating 
that it had some amvlose-like character. The waxy 
starch used contained ca. 0.3 0 0 of blue-staining granu-
les. and it is thought that these may have given rise 

to the properties observed in this subfraction. A cor-
responding subfraction was also obtained for the regu-
lar maize. 

It is to be noted that in some prelinmi-
nary experiments, attempts were made to 
re-disperse the sedimented - material in 
0.4 M potassium hydroxide and neutralize 
the solution before centrifugation. The 
second cycle yielded compact sediments 
for the starches used (R, HA 57, and 
I-IA 62) with properties similar to those COD 

of sediment 3 in Table 2. On time next 
redispersion and centrifugation, however, 
no apparent change was noted in the pro-
perties of the resedimented materials, and 
the supernatant liquors contained no 
polysaccharide. It appeared, therefore, 
that the presence of salt had altered the 
differential in the sedimentation rates of 
the different polymeric species present. 
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The waxy maize starch was the only one of the 
series which could be readily dispersed in water. For 
control purposes, therefore, a paste was prepared by 
gentle stirring on a boiling water-bath at a concentra-
tion sufficient to ensure inter-swollen-granule shear 
(3.5 01 / 0 w'v). The clear paste was diluted to 0.4 0 /0 , and. 
subjete I to the same UI tracent rifugatn)n procerl nrc. 
Polvsaceharide in the first supernant liquor represen-
ted 1 0 / 0  of the starch; its iodine-affinity was 4.8 0  and 

its 	i-amvlolvsis limit was 88() ' /
01 

The fifth sedment 
(971) 

0 of the starch) showed a idine-affinity of 0.02 0 / 0  

and a e?-amy!olysis limit of 54 0 /0. It appeared, there-
fore, that. the separation achieve([ was the same as that 
obtained in the presence of (hmcthvlsulphoxide. 

As outlined above, the properties of the sediments 
obtained from all the arnvlomaize starches varied with 
the stage of ultraeentrifugation. Although sediment 
3 had, the properties attributed to , .anomalous aniy 
lopectin" (i.e. a chain-length of 38-42 glucose units, 
and a 13-anivlolysis limit of 64-71 0/ o) the final sc'cli-
incnts (5a) had chain-lengths of some 26-29 glucose 
units and a-limits of 53-540 / (). The very different 
iodine-binding chara eteristies of the sediments 3 and 
So are shown by the typical results in Fig. 1. Sedi-
ment (Sa) had, therefore, the properties of a 
normal amylopeetin. 

This finding is the most significant result of the cx-
perimeilts described here. A variable, but definite, 
amount of fast-sedimenti ng, normal aniylopeetin was 
obtained from all the amylomai zes examined, after 
the starches had been subjected to nothing more than 
centrifugation. it is, therefore, extremely unlikely 
that any modification of the starch could have occur-
red in this procedure. 

This result is in agreement with our earlier findings 
(1-3), and supports oui' claim that ,,36-unit amylo-
pectin" is most likely an artefact. The amounts of the 
normal amylopectin, as obtained by the same proce-
dure from the series of amylomaizes examined, were 
far less than might be expected from the apparent 
amylose-contetits of the starches. It is to be noted that 
the discrepancy increases with increase in ainylose-
content of the starch. This is not unexpected, for un-
published experiments have shown that the molecular 
size of the blanched component in amvlomaize star-
dies decreases with increase in amylose-eontent. We 
have made no attempt in these experiments to examine 
the properties of the polysaccharides in the superna-
tant-liquors (see below), but it is not unlikely that they 
may contain low molecular-weight, normal arnylopee-
tin. 

Properties of the non -sed mien fed ..amylose-fmctmon' 

The properties of the non-sechmentecl ,,amylosc-
fraction" from Amylon 70 were examined. Table 1 
shows that the supernatant liquor contained 65 o/o  of 
time original starch. It was found that the solution 
(4 mg /ml) had to be maintained at 40°C to prevent 
retrogradation. At room temperature, the solution 
became turbid. For example. after 14 hr. at 20'C the 
iodine-affinity was then drastically altered (see Fig. 2). 
and the 1-amy1olysis limit fell from 69 O/ or  to l9°/. The 
corresponding change in the (i + Z)-limit was 81 0 /0  

to 200/0  The original values were not obtained on re-
heating the solution. 

The problem of the instability of the ,,linear"-frac-
tion from amylomaize will be discussed in detail else-
where, but the phenomenon rendered the method of 
direct ultrac'entrifugation unsuitable for a quanti -
tative 

uanti-
tati ye fractionation of amvlomnaizes. 

5 	 10 	 13 

F ce lodice (10 M) 

Fig. 2. Potentiometric iodine-titration curves for non-sedi-
niented ,,amylose-fraction"from Amylon 70 

solution immediately after ultracent rifugat ion, 
solution after standing for 14 In'. at 20 'C, 
solution 2 after further heating for 15 mm. at 98°C. 
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Summary 

Fractionation of maize and amylomaize starches 
has been achieved, by repeated sedimentation of 
0.5 0/0 aqueous dispersions at 93,000 ,q. 

Five ultra centi'ifugations yielded sediments which 
varied in amount depending on the apparent amy-
lose-content of the starch, i.e. > 950/0 of waxy 
maize starch: 650/a of regular maize; and 19, 14, 9, 
and 3 °/o of a series of amnylomaize starches contai-
ning 57, 62, 67, and 750/a  of amylose, respectively. 

The iodine affinities (< 0.10 /0), the i-amylolysis 
limits (53-50/0). and the apparent chain-lengths 
(26-28) glucose units) of the final sediments were 
essentially identical for all the starches examined. 

It is concluded that normal amvlopeetin is present 
in all samples of amylomaize, and the significance 
of this result is discussed.. 

Zusammenfbssun ,q 

1. Die Fraktionierunj von Mais- and Ainylosenniais-
stdrken wurde duich wiederholtes Abseten von 
igen Wa ,3 rq/en Dispersionen bei 93,000 ,q erreicht. 

2. Eu of L 0ltrareu trifuIiera ogen ei'gahen Sedimenta-
tioiien. die .sich men 1ennia/hg unterscheiden. in Ab-
hängigkeit vom A nmylosejehait dci' Stärke, d. It. >9,5 0/ 

der Wary Mais.s'tarke; 6.5°/a von normalei' Mais-
starke,''und 19, 14, 9 v ud 3 0/ enier Reihe von A fl/ 
loinaisstärken mit einein Amylosegehalt con 37. 62, 67 

bzw. 75°/a. 
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Die Jodaffinitat (< 0,J0/).  die (-Amijlo/ijseqrcnen 
(53-550 

' 
/0) and (lie sr/ieinbaren KetteiJon yen (26 bis 

28 (ilukosceinheiten) der end(Juhtu1ien edientateonen 
ware a [iii alie v nteis nc/etc ii StörIen ieee we.se ntliche a 
idea tisch. 

Daraus Jolç/t, da[3 ucirmales A en ylopektin in alien 
lllustern von A rnijloeieais vorhanden ist. ?ind die Be-
de atnncj dieses Eryehn is.ses wied diskutiert. 

Rdsueeni 

I.e I in t eon nement d aenidone de ieeai,s et daneejloneais a 
ee obteieu par Une seclimeeetrettoec rpcitde de dsper-
sions aqueuses de 050/u a 93.000g. 

Cinq ultra-centrifurjations oat prodsiit des sediments 
don t le.s quantitds variaie at se/on la te neur en a iii ejiose 
de laneidon, coinrne suit: pins de 950 0 pour lamidon 
de mais cireux, 6.5 0,10  pour l'amidon de mreis normal;  
19, 14, 9 et 3 °pour une sCrie clamidons cianeylomrtis 
dont in teneur en aeieebsse dtait de 57, 62, 117 et 750/a 
respect ivement. 

L'affinitd a i'iode (< 0.1 °'). les lienites de 3-annilose 
(53 a 55 01,) et lee ion queur.s de chreine appaeenles 
(26 a 28 unites de glucose) des sediments jinaux 

dtaient suhslanlielleinent les nefines pour tous les an-n-
dons exam ends. 

Il en rdsuile que I rsenylopectne normal est present clans 
tons les dchantilloeis d'amnejioneais, et l'on discute in 
signification de cc rd.sultat. 
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Studies on Starches of High Amylose-Content. Part VI*) 

Observations on the Stability of Aqueous Dispersions of Waxy Maize, Maize, and Ainylomaize 

Starches; and the Self-fractionation of Amylomaize 

By G. K. ADIUNs and C. T. GREENWOOD, Edinburgh (Scotland) 

In trorluction 

Recently, we have been studying the fractionation of 
ainylomaize starch by various methods (1, 2). Experi-
ments have now been made in which the anmvlose-frac-
tion was obtained by the addition of butan-1-ol to 
aqueous dispersions of the dimethylsuiphoxide -pre -
treated starch (3). Under these conditions, it was found 
that the butan-1-ol complexes were formed in erratic 
and excessive yields. The complexes were also difficult 
to redissolve, and the yield of reerystallised complex 
was then much less than expected. This behaviour 
occurred for amylomaizes with a variety of amylose-
contents as shown in Table 1. In contrast, the frac-
tionation of regular maize by this procedure was nor-
mal. 

These results suggested that a portion of arnylomaize 
starch was unstable under the fractionation conditions, 
and so the stability of aqueous solutions of the starches 
was studied directly. 

Results and Disc cession 

Preliminary experiments showed that ainyloniaize 
starches and their fractions showed enhanced and 
varying tendencies to come out of the solution when 
allowed to stand at 20°C for more than 4 or 5 hours. 
This retrogradation effect was shown by the develop-
ment of either turbidity or flocculation. The extent of 

*) Part V: Stärke 18 (1966), 237.  

instability ranged from the appearance of slight opa-
lescence to the spontaneous separation of a white pre-
cipitate from a water-clear mother-liquor. Aqueous 
solutions were stable at 35°C. or higher temperatures, 
but cooling increased the instability. The phenomenon 
was also dependent on concentration. Further, it appe-
ared that the inherent stability of a solution was rela-
ted directly to the amvlose-content of the starch, i.e. 
time lower tins was, the greater the stability of the so-
lution. 

We have now carried out quantitative measure-
ments of the development of the turbidity of various 
starch-solutions as a function of time. Aqueous disper-
sions of anmylomaize starches cannot be prepared 
directly; the starches were first disperseclinto dimethyl- 

Table 1 
Percentage Yields of Bntan- 1 -dl Complexes obtained from 

Aqueous Dispersions of Amylomaize 

Sin-I') 

a 

Primary 	Expt. 1 	28 	61 	71 72 82 82 
complex 	Expt. 2 	28 	n. d.2 ) 	78 n. d. n. d. 80 

Recrystalli. 	Expt. 1 	25 	47 	52 55.59 59 
zed complex 	Expt. 2 	23 	n. d. 	58 59 n. ci. 63 

i) EM = regular maize; HA - high amylose maize; the 
figures indicate the apparent percentage of amylose. 

2)  n. d. - not determined. 
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20°C 
Fig. 1. Development of the 
turbidity of aqueous dis-
persions (25010  climethyl-
sulphoxide) of various amy-
lomaize starches: 

11A75 	4. HA 57 
HA 70 5. RM 
HA 62 6. WM 

(Samples as in the Tables). 

20 	 40 0 	 20 	 40 

TIME IN HOURS 

Fig. 2. Effect of the varia- 	2 

tion of the concentration 
of amylomaize HA 70 011 

its stability: 
0.50 /a 	3. 0.1250 /0  

0.250 /0 	4. 0.065j 

6 /  20°C 

/ 

20 
	

400 	 20 	 40 

TIME IN HOURS 

suiphoxide. before water was added. The development 
of the turbidity of such aqucous/di rnethvlsulphoxide 
dispersions was then measured. 

Fig. 1 shows the, results for 0.5 °/0solutions of a num-
ber of amylomaizc starches of various amylose-eon-
tents on ageing at 6°C and 20°C. The turbidity of con-
trol-solutions of waxy- and regular-maize was essen-
tially unchanged after ageing for 40 hours at room 
temperature. Both these solutions developed a limited 
turbidity on storage at 6°C, but this disappeared when 
the solutions were returned to 20°C. In contrast, there 
was a steady increase in turbidity of all the arnylo-
maize starches stored at room temperature, with an 
almost immediate flocculation on standing at 6°C. Fur-
thermore, when the cooled-solutions were brought to 
20°C, there was virtually no change in the observed 
turbidity. 

The varying clegress of instability of the starches - 
at this concentration - were also shown quantitatively 
by measuring the percentage of solubles after 20 and 
40 hrs. (Table 2). It can be seen that the insolubilisa-
tion of the waxy- and regular-maize was, in fact, ex-
tremely small at 6°C, but for the amylomaizes precipi-
tation was almost complete. At 20°C, the amount of 
precipitation appeared to be related to the amylose-
content of the amylomaize. 

The effect of the total concentration of amylo-stareh 
on the stability was investigated for sample HA 70. 
Fig. 2 shows the results obtained. At 20°C. dilution 
was found to cause a large improvement in the inherent 
stability and this was still evident at the low tempera-
tures. 

These results have an important bearing on our 
fractionation experiments. Amongst other aspects, it  

was thought that the essentially-linear material was 
preferentially retrograding from solution as the insta-
bi1ty of an ainylo-starch was directly to its apparent, 
amylose-eontetit. This retrogradation was dependent 
on both the concentration of starch, and the tempe-
rature. It appeared likely, therefore, that a suitable 
combination of these factors might result in ,,self-frac-
tonation''. This approach was attempted, but it has to 
be rioted that although the factors mentioned above 

Table 2 

Percentage of ,,solubles' 1) remaining in Aged, Aqueous 
Dispersions2) of Amylolnaize 

Starch ) Time Temp. ,,solubles" 
(° 	

Starch 'I 
Ti mile 
(Nc) 

Temp. ,  ,,solubl 
(°C) 	I"/a 

WM 20 6 98 	HA 62 20 6 4 
40 6 97 40 6 3 
20 20 99 20 20 41 
40 20 98 40 20 39 

RM 20 6 94 	HA 70 20 6 4 
40 6 74 40 6.3 
20 20 98 20 20 38 
40 20 82 40 20 29 

1-IA 57 20 6 4 	1 HA 75 20 6 3 
40 6 4 40 6 2 
20 20 46 20 20 30 

40 20 41 40 20 26 

Determined by hydrolysis of supernatant liquor after 
centrifu( ation for 15 olin. at 1500 g. 

Dispersion conditions: [starch] 	0.50 /0, -%v/\- ; [dimnet.liyl- 
sulphoxide] 	250/0 , v/v. 

waxy maize; other svnmbols as in Table 1. 



242 	 DIE STARKE 	 Nr.8/1966 

control self-precipitation the exact replication of 
turbidity values was not necessarily high. This is not 
surprising in view of the well-known difficulties in 
measuring the turbidity of coagulating systems. 

Table 3 
Properties of Sub-fractions obtained from the ,,Self-fractio-

nation" of Aniyloinaize (HA 70) Dispersion 

Experiment') 	 I 2 Whole 
Starch 

Subfracl ion ) Sed i nient Super-  Sed i inent 811per- 
iia tont nstai,t 

Yield ( 0/0  of 
starch) 51 49 75 25 iOU 
Iodineaffinity3) 15 14 15 11 14 
[3]4) 81 66 67 64 72 
[fi + Z] 85 75 73 70 79 
[]5) 74 120 89 24 99 

For Expt. 1: [starch], 0.50/1,(w/v); [dimethyisuipho. 
xide], 250 (v'v); 50 hours at 20'C. Expt. 2: [starch], 0.250, 
(w/v) ; [climethvlsulphoxide], 6 0 I (v/v); 15 hours at Ii C. 

Obtained after centrifugation for 15 mins. at 1.500 p. 
1) iodine affinity values cannot be precisely determined, 

see Text. 
1) Percentage conversion into maltose under the action of 

(i) pure fl-amvlase, [flu, and (ii) the concurrent action of fi-
amylase and Z-enzyme, 0Z1. 

5) Li initing viscosity number. Measured in cli nethvlsnl-
phoxicle units, ml/g. 

Table 3 shows the results of two experiments invol-
ving . ,self-fractionation'. Although the subfraetions 
obtained under the conditions used, from the sediment, 
and the supernatant liquors, had different properties, 
it appeared that no sharp fractionation had occurred. 
This was SO even for Expt. 2, where the yields of sub-
fractions achieved were those expected from the appa -
rent 

ppa-
rent amnylose-content. One difficulty in this work, 
however, is in measuring the iodine-binding charac-
teristics of the high-amylose fractions at 20°C. The 
overall, curved shape of the adsorption curves obtained 
(see Fig. 3) make linear extrapolations to obtain - .io-
dine-affinity' '-values extremely ambiguous. This pro-
blem will be discussed elsewhere (4). 

It follows, therefore, that the instability of aqueous 
dispersions of ainviomaize starches is not due entirely 
to the Precipitation of linear material co-precipita-
tion of branched-nmaterjal may also occur. 

Although the method of ,,self-frac'tionation" was not 
completely successful, these results are presented in 
the hope that other investigators may find this ap-
proach of some value. 

Erperiine a tat 

Time isolation and purification of the starch samples 
used in this work has already been described (5). An 
earlier pail of this series (2) gives the met hod of disper-
sion of the starch granules into dimethivisuhphoxide. 
Conditions used for the ageing and self-fractionation 
experiments are given in Tables 2 and 3. Methods used 
to characterize the products have been described ear-
lier (2.6). Turbiclities were measured as the absorbanec' 
on an ,.Eel" colorimeter (625 filter). 
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'ionuiiary 

The yields of amnylose- eomplex obtained from dis-
persions of amnylomaize starch have been found to 
be erratic and excessive indicating that the starches 
were inherently unstable under the fractionation 
conditions. 

The stability of aqueous dispersions of the starches 
obtained after disruption of the granules by treat-
ment with c[iinethylsul phi oxide have been studied 

antitatively. 

The inherent instability of a dispersion increased 
with the increase in amyiose-content of time starch 
waxy maize and normal maize starches being ida-
tively stable. 

For any given amylomaize starch, the stability of a 
dispersion was dependent on both its concentration 
and the temperature. High concentrations and low 
temperatures enhanced the instability. 

The preferential precipitation of linear material 
occurs, and this was used as a method for time ,.self-
fractionation" of amaviomaize starches. Preliminary 
experiments showed that the, degree of separation 
achieved, however, was not completely satisfac-
tory. 

Zu.sanincenJ'ass aiq 
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Fig. :3. Potentiometric iodine-titration curves, at 20 C, for 
fractions obtained from starch HA 70 by ageing at 6 C: 
1. sediment: 2. supernatant liquors. (See Text for details.) 

Es wui-de gefunden , dap die A usbeuten an Ainylose-
koioplex, dci' aus Di.spersiooeii ton Anojluniaissta.ice 
cjewonnen zc'urde, n o(Jleichmaf3iq mind iibei-höht siad, 
o'oc?urch aofqeeiqt word, dap die sS'ttirken iho-er Z"Jatnr 
nuch minter Eo'aklion ieranqsbed inqv nqen it ic/it stabil 
waren. 

Die l-'tahilität eon oa/(ro pen AS'tiricediSpers'ionen, die 
man nor/i Zcr,,4ejrv,)?f1 der Stariceicornei' derek Be/mod-
lun-j iiiil Diinethplsulforyd erhalt, wio-de qnantitatic' 
toi/et Wild/it. 

. Die einer Dispersion eipene Unbestancliqkeit nahm 
nut dent A a wrichsen des Ainyloseqehaltes der Starke 
u; die Stdrken eon J4Jax!J Mais end norma/eon JWais 

n'aren eerhdltn ismnd/hq st cm bit. 
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Bei einer he.stiininteii. 4 inijionianistarke hiiirt c/ce ta-

lid clot einer Dispersion SoWO/il von dci Jtoiizeiitrcitioit 

alsaachvon der Te inperat iii ab. IIoh c Koizeuitratcoii em 

Wild a jeduiqe TJ'eiuiperetuien erholiten c/cc (In bcstcindiç-

Ice it. 

Es li'ctt (lie heiorc liyte Fo lii 107 ion ltlie(.ireln Material 

ciii, avis ol.' Jfet/iode :uir ..e//ust/raAtioii ieinncj" you 

A iuiijloniaiss°tcuiAeui 	anqenendet 	iu'icidc. 	Voi'/aufiqe 

Vei.tuc/i C euiJOl)e a jedoch. (la/i der erreichle Ti-eu a ungs-

cjfelui uiic/i 1 (Jan: ufriede nute/Ic nd u'ar. 

ii Iii ( 

On a lion ic que Ic uendenient en couiupl .ie clam lose 

ohtc liii c/c (1 ispeiw ions (toni n/on ani'lo- man u est ia riart 
ci e.u'cessf. cc qici iidiqae qne ics c,muu idons, ci nuic /ocon 

iii licIC n te, ii 'ctaie at pa.s stables sons les conditions 

de /10 ctcon nenue at. 

La stabul-ite de dispersions claniidon aqicenses apr15 
destruction des c/ran ic/es ci'anu idon par an traitenient 

a a 	dimnetliylcsuc(foxyde a é(ci a na/ysée qaantilatiue- 

nueuut. 

L' ilistabilite i-n hereui te d ii ne di.speuwioui aiufuuieui to it 

(ii'cC laccioi.ssenie nt (IC Ia ten ear en a-ni !/l0se (li' 1 'a in 1-

don, lain ic/on dc ma is rile u,r ci lanuidon dc nun is nor-

mal cant ic/al jiemnent stab/es. 

POlO' ucn certain mu idoum dcunujlo-mnais, la stccbilite c/c 

la dispersion,  dcipendait et dc la cn Cell tint ion et tie la 

te-umipraturc. Des concentrations éiei'ées et I/C basses 

tenipei'atures OIl t ill ten.sijce I VuiStab jute. 

m It  omit tine pu'ecipitcction prfeu'entuel/e des parties 

linCaire.s. c/jet (bat on se seru'a it comnnie iuiCtliode pour 

1',, onto-fraction nenuent" d'ani idons ci'aniij/o-inais. Des 

experiences prc'/on 111(1 tics 0111 cepen cicuuit dCnion tiC qe u 

1C clerjre c/c separation (ii list obte a a a C/a it pas tout-a-

fail sat i.uf a iso at. 
1?efei'en is's 

( ii eJIzwooI C. 'I'.. and K. I1'I alicia: Carbohydrate 
Ri's., in the press. 
.'ci icn,s, G . K., and C. T. €iJcI:Icr'woon : Ktdrke 18 (1966), 
237. 
(4:101:5, IL, C. 'I'. (Ln:iuzwooa, A. W. Mcftcianuii, 
A. R. Pioii'i:a, and J. Tiionsoz : Makromol. Chein, 79 
(1964). 189. 
At iozs, CL K., and C. T. GREENWOOD: unpublished 
work. 
Ai>tuizs. G. K., and C. T. (huI:i:NWooa: $t3rke 18 (1966), 
213. 
BANKs, \V., C. T. (iti:i:'uvoou, and J. Tiioaisox: Ma-
kromol. ('hem. 31 (1959), 197. 

Address of the Authors: G. K Ad/ins, J1. sc., (irni C. T. 
(7reena'ood, 1). Sr., F. R. S. iC., I)eportnucnl of Chemii 	'I'Iue 
tTn icei'.sify of Edinbnn1/i, 1I'e.st ]l-Tains Road, Edoibur1u, 9 
(Scot land). 

(Receiu'ed: May 7, 1960) 

Preparation of the Cola-Coloring Substances 

By M. ABDIuL-AKHEJu. 1VIOUSTAFA LOtTTFY and AHMEO Ituauuiar, Giza, U.A.R. (Egypt) 

The red brown component of the so-called Cola 
Drinks, is one of their essential ingredients. The sub-
stance imparts the characteristic color of the beverage, 
acts as a buffeting agent and contributes to the for-
mation, the strength, appearance and color of the 
beverage's foams (1, 3, 4, 5). 

Selection of the cola coloring substance, to suit a 
certain purpose, is very important. The coloring ma-
terial may interact with the ingredients and cause un-
desirable changes. Usually, such substances are made 
specially for the products in which it is used (2. 

The interaction between sugars and amino acids 
(Maillard reaction (6) or Melanoidin). is one of the 
chemical methods leading to the formation of the 
brown products. The cheinistr concerned with these 
reactions is intimately related to the problem of brow-
ning in food 3-9). in fact, a great amount of work 
have been devoted for investigating the mechanism 
of browning in food and the factors affecting the for-
mation and development of the color. 

A set of complex reactions are concerned with the 
development of the brown color in 1\Iaillard. reaction. 
The reaction involves combination, Amadori rearran-
gement, dehydration and polymerization (4, 5, 21). Tn 
addition, the course of the reactions and the proper-
ties of the brown products, depend greatly upon the 
reaction conditions. Among these factors are the 
type (18) and concentration (1. 10. 11) of the amino 
acid and the sugar, the initial pH (1, 12, 14), the tern-
perature and the reaction period (10). 

Another type of brown products were obtained from 
the reaction of sugars with ammonia (15). Under cer-
tain conditions harmful products were encountered 
(16). Two volatile liquid bases (C6H8N2, B.P. 136°C. 
and C71110N0, B.P. 160°C) were separated from the 
reaction of ammonia with glucose under pressure and 
at 100C. The two bases are very poisonous and have 
a sharp odour (16). 

Several properties have to be considered in produc-
ing a coloring substance for the Cola drinks. These pro-
perties are:- (1) The shade and intensity of the color, 
(2) The stability of the color in acid or alkaline solu-
tions. (3) The keeping quality of the coloring substance 
against setting or overpolymerizing during thickning, 
heat changes or during storage, (4) Their affinity to the 
concerned ingredients which lead to the formation of 
precipitates or aggregates in solutions and (5) The sign 
of their electric charge in solutions. 

The present work is concerned with the preparation 
of Cola-coloring substances with high keeping quality 
and with suitable properties. Maillard reaction as well 
as the dry dehydration of sugars was used for preparing 
the brown substance. The relative color intensity 
(R.C.T.) as well as some other pretaining changes were 
followed during the reaction. 

Experi men ta/s 

1. The reaction of sugars with amino acids 

The reaction was earned out using the following 
materials 
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Sugars: n-glucose, j)-fructose, sucrose and glucose 
syrups (Total solids 79,70 and the reducing sugars, 
68.1 	as glucose) 
A mi no-a eids : glyeuie and L-glutamic acid. 

The general procedure was conducted as follows:- 
D-glucose (40.0 gr.) was dissolved in water (40 ml.) 

and mixed with glveinc (14.0 gr.). The mixture was 
allowed to boil gently (oil bath, outer T. 135-140'C.) 
mmdi' a reflux condenser. The color of the mixture 
changed ia jddlv from faint yellow to brown and the 
intensity of the ('0101' increased with tie. At intervals, 
samples were taken for analysis in([ for examination 
as shown below (Expt. 4 to 9) 

Pie pa i-at ion of' the Cola- Coloriaq-Srup 

Time reaction between sugars and amino-acids was 
carried out following the general procedure and using 
variable combinations in respect to the type of sugar 
or the amino acid. The initial p1-f, was adjusted and 
the reaction was allowed to proceed for varying length 
of time (1 —6 hi's.). Before concentration, the reaction 
mixture was subjected to a steam distillation treat-
mnent. A etim'i'ent of steam was allowed to pass vigo-
rouslv through the hot reaction mixture, while the 
outlet was connected to a c'ondensei'. The distillate 
was collected in pom'tions an( I exammu neil 1(11' the presence 
of reducing compounds. The steani Was admitted until 
the distillate no longer show the presence of reducing 
compounds (30-40 nun. steaming). After steaming 
the reaction mixture usually increased to more than 
twice the original volume. The total volatile reducing 
compounds were determined in the combined distil-
late using the ferric'vanide method. 

The steamed solution was then concentrated under 
reduced pressure on a boiling water bath. Evaporation 
was continued to produce 5YUl)  with 70_750 1  total 
solids. 

Dried products was prepared from the syrup or from 
time reaction mixture without the steam treatment. 
Diving was allowed at a temperature not exceeding 
110°C. The yield is usually 80-82 0 /0  in respect to the 
total solids of the starting reaction mixture. 

( ai'ainelmcatoa of SUm/Ui's 

The caramel-coloring substam ice were prepare([ as 
follows:- 

l)-Glucose lueose (50.0 gr.), in an open glass container, was 
treated with small amount of water (5.0 ml.) and heated 
on an oil bath (outer T. 180-185'C). A boiling stage 
took place for a while without any appreciable change 
in color. A second stage soon started which was elm-
racterizeci with vigorous froth and change in color to 
brown. Continuous stirring was applied during the 
second stage until froth subsided. Further short hea-
ting period was applied and finally the brown melt was 
potn'ed on a cool smooth surface to solidify immedia- 

' tel giving misc to a fragile unstickv mass. 
Sucrose was also used to prepare caramel. Catalytic 

amount (0.250/) of citric acid was added to invert 
sucrose (lining the boiling stage. 

Detei-mniiwtion of the cliglycol number 

The diglveol number is a measure for the quantity 
of periodate ions (in moles) consumed during the oxida- 

tion of a given weight (one mole or 100 gin.) of a sub-
stance. The oxidation reaction and the determination 
of the eommsumned periodate ions was carried out as 
follows (18, 19). 

A known volume of the solution (25 ml. containing 
not more than 20-25 mug. as glucose) was treated with 
sodium or potassium meta periodate (25 ml. 0.03 N in 
sulfuric acid solution). One ml. 10 N 110804  was added, 
and the solution was mixed and left at room tempe-
rature for :30 mm. A slight excess of sodium bicarbo-
nate was added and time remaining quantity of perio-
date was determined using the ai'senite-iodimie method 
(18). A blank (leteriiiiiiatiou is carried out using the 
same volume of the periodate reagent. The difference 
between the cluantitv of periodate in the blank and 
in the run determinations will give the quantity of the 
periodate consumed by the sample. The results were 
expressed in (moles) periodate per mole of substance as 
glucose (180 gin.). 

.5. Detei'a, ination o f the Primary alcohol number 

The primary alcohol number is a measure for the 
free primary alcohol groups adjacent to a free hydroxyl 
(alclehvdo, keto) or similar function group that can 
produce formaldehyde during the periodate oxidation 
of the compound. Time determination was carried out 
as follows (19):- 

A sample (25 ml. containing not more than 2-3 mg. 
as glucose) was placed in a 100 ml. volumetric flask 
and treated with a solution of sodium bicarbonate 
(2 ml.. 1 N sol.) followed by sodium metaperiodate 
solution (10 ml. 0,3 N.) and the reaction mixture 
was left at room temperature. After about 30 miii., 
the mixture was acidified (1 ml. 10 N 1-1.804) and 
then treated with sodium am'senite solution (5 ml. 
M. sol). until the fm'ec' iodine disappeared. Time volume 
was completed to time mark with water, an([ the 
foi'nmahlehycle content was determined using the 
c'hromnotropie acid method (20). 

6. Deternnnat ion of the Color intensity 

The color intensity of the products was determined 
relative to a reference stock syrup (Cairo-Bottling Co.). 
Dilute solution (0.5 0,/0  dry  bases) was compared against 
a dilute standard solution (0.50/0  dry basis) of a refe-
rence syrup using Du hoseq colorimeter. ]/'oi' compari-
son 

ornpal'i_
soil the color intensity of time standard solution was 
assigned 100° degree. 

The isoelectric point 

A set of buffer mixtures ranging from pI-i 1-8 at 
intervals 0,2 was prepared as follows:- 

A set of buffer mixture for the region of pH. 
1.038-4,411 was prepared from glycine and hy-
drochloric' a cicl solutions according to Sorensen's 
buffer mixture. 

A. set of buffer mixture for the legion of p1l, 2.2 
to 8.0 was prepared from citric acid (0,1 molar) 
and 	diso( Ii inn monohydrogen phosphate (0.2 
molar) solutions, according to Mc' Uvaines stan-
clarci buffer solutions. 

The test for the isoelccti'ic point was carried out as 
follows:- 

The buffer solution (2.5 ml.) was mixed, in a small 


