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Levoglucosan (1,6-anhydro-D-gIucose) was found to the extent of 2.3y0 in a quantitative 
paper chromatographic investigation of cornstarch acid-hydrolyzates at equilibrium. The 
identification of levoglucosan in constant amount supports the view that the cornstarch 
molecule cannot be hydrolyzed completely to D-glucose by acid. In this study, other 
components tentatively identified were 5-hydroxymethyl-2-furaIdehyde, glycerol, xylose, 
arabinose, fructose, isomaltose, and gentiobiose. D-Glucose and levoglucosan, when 
subjected to reaction conditions similar to those for the acid hydrolysis of starch, produce 
essentially the same equilibrium mixture as that obtained with starch. 

HE STUDY O F  THE COMPOSITION Of  T acid-hydrolyzed cornstarch systems 
has received the attention of many in- 
vestigators (70). By various methods of 
analysis (70, 72) these systems have been 
shown to contain, in addition to D- 

glucose, a number of other constituents: 
maltose, gentiobiose, 5-hydroxymethyl- 
'-furaldehyde (HMF), isomaltose, a,a- 
trehalose, and levulinic and formic 
acids. LVith the advent of methods 
employing paper chromatography (6, 
77, 75, 76), a new analytical procedure 
was made available for study of com- 
position of cornstarch acid hydrolyzates. 

This paper presents a study of equili- 
brated cornstarch acid hydrolyzates by 
means of quantitative paper chromatog- 
raphy. For the first time 1,6-anhydro- 
D-glucose (levoglucosan) was found to be 
present and, in all cases, to the extent 
of 2.3y0 on a total carbohydrate basis. 
Besides its quantitative evaluation by 
paper chromatography, levoglucosan was 
isolated on a cellulose column, the tri- 
acetate prepared, and its identity veri- 
fied by a mixed melting point with 
known material (73). 

With less certainty, other components 
were detected-that is, compounds were 
not isolated and derivatized, but were 
chromatographically compared with 
known materials, and further identified 
by differentiating spray reagents where 
possible. These included hydroxy- 
methylfuraldehyde, glycerol, xylose, 
arabinose, fructose! isomaltose, and gen- 
tiobiose. Other oligosaccharides were 
qualitatively detected and quantita- 
tively determined. 

Because of the formation of levo- 
glucosan, it was shown that cornstarch, 
even in dilute solutions, cannot be 
hydrolyzed completely to D-glucose. 
Levoglucosan, when subjected to re- 
action conciitions similar to those for 
hydrolyzing starch, results in essentially 
the same equilibrium mixture as that 

produced from starch. This also holds 
true for the parallel reaction of D-glucose. 
I t  can be postulated that carbohydrates 
derived from D-glucose, whether an- 
hydride or polymer, when subjected to 
the conditions typical for starch hy- 
drolysis, will produce identical equilib- 
rium mixtures. 

These findings agree with those of 
others in that, a t  equilibrium, as the 
concentration of starch is increased, the 
D-glucose concentration decreases and 
the oligosaccharide concentration in- 
creases (7, 70). Likewise in agreement 
with the reports of other workers, the 
rate of hydrolysis was found to change 
when the concentration of acid was 
altered, other conditions remaining con- 
stant (70). However, when the acid 
concentration was changed, no differ- 
ence was detected in the equilibrium 
compositions. 

The reactions for this study were 
carried out in both factory and labora- 
tory equipment. The results showed 
that the size and materials of construc- 
tion did not affect the composition of 
the mixtures. 

Preparation of Samples 

Factory hydrolyzates were made in 
bronze converters operated at  50 pounds 
per square inch steam pressure (147' 
C.). The variables were: 

The starch concentration was varied 
from 0.75 to 31.970, with the hydrochloric 
acid catalyst constant (0.028 to 0.029,V). 

The hydrochloric acid catalyst was 
varied from 0.016 to 0.046N with starch 
concentration constant (1 4.770). 

Samples. taken at  intervals varying 
from 2 to 4 minutes, were partially 
neutralized with sodium carbonate solu- 
tion and later adjusted to p H  4.5 to 4.7. 
All samples were filtered \iith asbestos 
filter aid, but were not decolorized. 

Phenylmercuric acetate, 1 mg. per liter, 
together with refrigeration, was used to 
preserve the portions retained for paper 
chromatographic analysis. 

Laboratory preparations were made 
in either a small laboratory converter 
or a small tantalum bomb. For these 
preparations, 17.4y0 dry substance, 
as starch, and 0.033:V acidity levels 
were employed. These conditions were 
the same as the starting conditions for 
hydrolysis 3, Table I. In the factory 
these conditions change because of dilu- 
tion caused by condensation of the 
injected steam used for heating. The 
majority of the condensation occurs 
while the converter approaches full 
pressure (7 to 8 minutes). The in- 
crease in volume amounted to 520 & 1 5  
gallons ( 9 ) .  All samples were taken after 
the converter reached full pressure. 

I n  the laboratory, starch was hy- 
drolyzed and dextrose and levoglucosan 
were reverted in the bomb. Dextrose 
only was reverted in the laboratory 
converter. Dilution by condensation 
of steam does not occur in the bomb, 
but does occur i n  the laboratory con- 
verter. Complete reaction conditions 
are given in Table I. 

Analytical Methods 

A large number of factory samples 
were taken. Dry substance was esti- 
mated by the Brix hydrometer method. 
Dextrose equivalent (D.E.), corrected 
to salt-free basis, was determined by the 
Lane-Eynon titration. Sodium chloride 
was determined by Mohr's method. 
Color measurements were made with 
the Lovibond Tintometer (Caramel 
Series No. 52) and expressed on the same 
dry substance basis (18 Brix) and cell 
length (5 inches). 

Components detected on chromato- 
grams were compared with known mate- 
rials and further identified by differen- 
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tiating spray reagents where possible. 
Quantitative paper chromatography 

was based on the method of Dimler 
and others (6). The solvent was ethyl 
acetate-pyridine-water (8: 2 :  1 v./  v.) 
(76). LVhatman No. 1 filter paper was 
twice washed with water by the de- 
scending technique and dried. Develop- 
ment followed in the same manner. 
All samples were given a “short” de- 
velopment (4 to 6 hours), a period 
sufficient for the solvent to reach within 
2 to 3 cm. of the bottom of the sheet and 
long enough for the resolution of com- 
ponents migrating faster than fructose. 
Certain of the same samples were sub- 
jected to a “long” development (ap- 
proximately 24 hours), which separated 
fructose and D-glucose and partially 
resolved those components migrating 
a t  rates slower than D-glucose. During 
this development, solvent drips from the 
serrated lower edge of the paper. 

Locator strips were sprayed with 
ammoniacal silver nitrate (6) or urea- 
phosphoric acid (77) reagent. The silver 
nitrate-sprayed strips were allowed to 
react at room temperature in the dark. 
Glucose and isomaltose-gentiobiose areas 
could be detected within 30 minutes 
after spraying. Detection of hydroxy- 
methylfuraldehyde, levoglucosan, xylose, 
and fructose required a longer time- 
from 6 to 16 hours. 

Urea-phosphoric acid-sprayed strips 
were heated at  100’ to 110’ C. by the 
method described by Fetzer and Ough 
(8) .  Hydroxymethylfuraldehyde showed 
quickly. Fructose appeared more slowly. 
Often a characteristic color would sholv 
in the disaccharide and higher oligo- 
saccharide areas. 

Located components (or groups of 
components), after being eluted, ivere 
quantitatively measured with anthrone 
(6). A 4-hour elution was used. An- 
throne solution, freshly prepared for each 
set of measurements, was dispensed with 
a 6-ml. Machlett automatic pipet. 
Measurements were made in triplicate, 
including a reagent blank which was 
measured against water. The median 
reagent blank was used as the reference 
standard, and the median value of all 
other measurements was used in the 
calculations (4) .  A Coleman Universal 
Model 14 spectrophotometer was em- 
ployed. 

A paper control and solution control 
\rere simultaneouslv determined for 
comparative purposes. The paper con- 
trol was a section of blank filter paper 
from the developed chromatogram. on 
which a duplicate volume of sample was 
placed and then eluted in the same 
manner as sections bearing located 
components. The solution control con- 
sisted of a duplicate volume of sample, 
which was placed directly in a volumetric 
flask of the proper size. 

Because the amounts of components 
migrating in advance of glucose were 
small, and reducing substances eluted 
from filter paper itself are not uniformly 
distributed, filter paper corrections were 
determined as closely as possible. 

Discussion 
Dextrose equivalent-time curves for 

the factory hydrolyzates leveled off a t  
constant values, as shown in Figures 1 
and 2. The samples for paper chro- 
matographic analysis were taken from 

those represented by the flat portion of 
the curves. In the case of hydrolysis 1, 
Table 1: made with 0.7500 starch, the 
dextrose equivalents were not calculated 
because of the extreme dilution. In- 
stead, samples \vere chosen from those 
having constant Lane-Eynon titration 
values. 

The results of the Lane-Eynon deter- 
minations indicated different equilibria 
for the different starch concentrations. 
This was substantiated by the paper 
chromatographic determinations as the 
results of the “short” developments sho\v 
for the six factory hydrolyses (Table 11). 

This is also shown in the results 
obtained with the “long” developments 
(Table 111). In order to take into 
account the materials that are svept 
from the paper during the long de- 
velopment, the values in Table I were 
calculated by proportioning the glucose- 
fructose and oligosaccharides in the 
short developments (Table 111 and 
applying these ratios. 

The variation in analytical values for 
the plateau samples falls within the 
limits of precision for the method (6). 
Therefore an equilibrium is reached if 
hydrolyses are carried out for a long 
enough time. The median percentages 
(Table 11) can be considered the equilib- 
rium values for the components (groups 
of components) produced by the hy- 
drolysis conditions. 

The median values for levoglucosan, 
D-glucose-fructose, and oligosaccharides 
under various conditions of starch con- 
centration are plotted in Figure 3. 
The levoglucosan percentage remained 
constant. Levoglucosan is formed by 
intramolecular dehydration of glucose. 

Hydrolysis or  
Reaction 

Material reacted 

yo dry substance 
Reaction vessel 
Volume, calcd., gal. 
20.1’ B t  HCl used, 

Normality, calcd. 
Equilibrium D.E.C 
Short drv~lnnmrnte 

lb. 

Table 1. Reaction Conditions and Analytical Results 

1 2 3 4 5 6 7 8 

Starch Starch Starch Starch Starch Starch Starch Levogluco- 

0 . 7 5  7 . 0  1 4 . 9  31.9 1 4 . 7  1 4 . 7  1 7 . 4  1 7 . 4  
Factory Factory Factory Factory Factory Factory Lab. bomb Lab. bomb 

3170 3380 3380 3380 3380 3380 . . .  . . .  

san 

9 0 ~  90’) 90$ 906 53l/P 150b . . .  . . .  
0.029 0 .028  0.028 0.028 0 ,016  0 .046  0 , 0 3 3  0 .033  

d 9 3 . 9  93 .0  86 .8  92.0 9 2 . 0  . . .  . .  
......... 

i HMF 0 . 2 5  0 . 9 4  0.66 0 .67  0 . 7 1  0 . 7 7  i 

Xylosea 0 . 1 3  I 0 .11  0 . 3 4  0 . 0 7  f i i 

Glucose, fructose 95 .5  91 .9  87 .1  76 .2  8 7 . 1  8 6 . 9  84 .8  8 5 . 7  
Oligosaccharides 2 , l  4 . 9  10 .1  20 .3  9 . 5  9 . 9  12 .9  1 2 . 3  

r------ 

Levoglucosan 2 . 0  2 . 3  2 . 4  2 . 4  2 . 6  2 . 5  2 . 3  2 . 0  

Long Ydeveloprnente 
. . .  . . .  . . .  . . .  Fructose . . .  0 .01  0 .22  0 . 0 2  

Glucose , , . 9 1 . 9  86 .9  7 6 . 2  . . .  , . .  , . .  , . .  
Maltose, etc. . . .  1 . 5  3 . 1  6 . 2  . . .  . . .  , . .  . . .  
Isomaltose, etc. . . .  3 . 2  6 . 1  10 .1  
Higher sugars . . .  0 . 2 2  0..9 4 . 0  , . .  , . .  

. . .  . . .  . , .  . . .  
. . .  . . .  

a 19.9’ Be. HCI added directly to starch suspension. 
b Added to 200 gal. water and charged into reaction vessel before starch was introduced. 
c Corrected to salt-free basis. 
d Constant Lane-Eynon titration used as equilibrium. 
e as glucose. 
f Detectable but not quantitatively determinable. 
0 Values indicate order of magnitude. 
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Figure 1 .  
alent with acid catalyst constant 

Effect of starch concentration on dextrose equiv- 

It is possible that oligosaccharides under- 
going a similar dehydration process 
followed by hydrolysis could also form 
levoglucosan. As expected. when the 
starch concentration increased. D-glucose- 
fructose percentages decreased and oligo- 
saccharide percentages increased (7, 70). 

Extrapolating the D-glUCOSe-frUCtOSe 
curve (Figure 3) to zero starch concen- 
tration, or infinite dilution, shows that 
starch cannot be completely hydrolyzed 
to D-glucose. By the method of least 
squares, the extrapolated value is 96.27,. 
The determined fructose differences 
change this value very little. Using 
the D-glucose values from the long 
developments (Table I) and the method 
of least squares, the extrapolated value 
for D-glucose is 96.37,. Other workers 
in this field have also suggested this to 
be the case. Peckham and Engel (74 ) .  
working at  0.25y0 concentrations of 
both starch and sugar mixtures, found a 
correction factor to be necessary to 
obtain correct analytical values. Dimler 
and others ( 5 ) ,  working with dextran, 
have also found this to be true. This 
would be expected if the levoglucosan 
concentration is constant in these equi- 
librium mixtures. 

Levoglucosan was recovered in these 
laboratories (73) on a cellulose column 
from a cornstarch hydrolyzate. The 
triacetate melted a t  109-110°, and a 
mixed melting point with levoglucosan 
triacetate. prepared in the laboratory of 
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Figure 2. 
alent with starch concentration constant 

Effect of acid concentration on dextrose equiv- 

M. L. Wolfrom at  Ohio State University. 
showed no depression. Other work in 
these laboratories indicates that the pres- 
ence of D-glucose has a strong inhibiting 
effect on the crystallization of levogluco- 
san. This may be the reason lvhy levo- 
glucosan has not previously been iso- 
lated directly from starch hydrolyzates. 

Dehydration is also responsible for the 
formation of hydroxymethylfuralde- 
hyde from D-glucose. Except for hy- 
drolyses 1 and 2, Table 11. the median 
percentages of hydroxymethy1fura:de- 
hyde are fairly constant. Hydroxy- 
methylfuraldehyde decomposes in part 
into formic and levulinic acids, Mhich 
may be the reason for the differences. 

The presence of xylose and arabinose 
was detected. The quantity of xylose 
may be too small to be precisely deter- 
mined with anthrone under the condi- 
tions employed. On an equal weight 
basis, Dimler and others (6) reported the 
relative absorbance obtained with xylose 
to be but 7y' of that obtained ivith 
glucose. This relationship has been 
verified with National Bureau of Stand- 
ards standard dextrose and D-xylose. 
the phenylosazone of which melted at 
162-164'. Single spots only were ob- 
served by paper chromatography with 
the known xylose. O n  this basis, the 
xylose percentage could be larger than is 
apparent. 

The presence of arabinose can be 
rationalized as a reverse aldolization of 

D-glucose. The presence of xylose and 
glycerol in the starch hydrolysis could 
arise from the small quantities of cellu- 
lose fiber and fat that occur in starch. 
In addition, starch itself may be par- 
tially carboxylated at carbon atom 6, 
or this position may be oxidized during 
the hydrolytic process. Subsequent hy- 
drolysis and decarboxylation of an oxi- 
dized product would also account for the 
presence of xylose. 

Further work was done to determine 
whether xylose and glycerol were present 
in the reaction products from dextrose 
and levoglucosan. As these concentra- 
tions are very small: it is necessary to 
place a large quantity of material on a 
chromatogram, elute the section under 
study, concentrate, and rechromato- 
gram the concentrate before identifying 
the resulting spots. 

This has been done, taking into 
account the effect of contaminants from 
the paper. Although there is suggestive 
evidence that a very small quantity of 
glycerol is present in the reactions of 
dextrose and levoglucosan, it has not 
been detected in the quantity in which 
it is present in cornstarch hydrolysis. In 
the dextrose and levoglucosan reversions, 
an area coincided with the location of 
known xylose. Instead of the charac- 
teristic pentose color with aniline- 
phosphoric acid, a light yellow color 
developed. This suggests a different 
component. I t  could be present in the 
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starch hydrolysis reaction and be masked 
by the xylose which is shown to be 
present. Therefore, the values (Table 
I) shown for xylose might be contributed 
by the unknown component. 

The long developments separated 
fructose from D-glucose and separated 
the oligosaccharides into three groups. 
Qualitative tests by the Bayly and 
Bourne ( 7 )  procedure with the second 
group have indicated the presence of 
isomaltose and gentiobiose. One might 
expect the first group to contain maltose; 
the third, panose. 

Fructose was present in small amounts. 
Its presence suggests that the Lobry de 

Bruyn-Alberda \'an Eckenstein trans- 
formation occurs to a slight extent in 
acid solution. Berner and Sandlie (2) 
have reported the formation of fructose 
from glucose by boiling it in water and 
in 0.5.V sulfuric acid solution. Its 
presence was detected in unneutralized 
D-glucose reversion liquor. .4lthough 
in all other samples its presence could be 
accounted for as having resulted from 
local overneutralization, this need not 
be the case. Alkalinity due to pyridine 
in the solvent was suggested as a possible 
cause for the formation of fructose from 
D-ghCOSe during development. When 
D-glucose was developed under the same 

conditions as the equilibrated samples, 
fructose was not detected. Moreover, 
fructose was found in equilibrated 
samples when solvents not containing 
pyridine were used. 

Reactions employing dextrose or levo- 
glucosan resulted in the same equilib- 
rium mixtures as the starch reactions. 
,4ny carbohydrate derived of dextrose, 
whether anhydride or polymer, and 
subjected to the conditions of starch 
hydrolysis. should result in an identical 
mixture. 

In hydrolyses 5 and 6. the concentra- 
tion of acid used was varied from the 
amount normally employed in factory 

Hydrolysis 

1 

2 

3 

4 

5 

6 

Component 

HMF 
Levoglucosan 
Xylosen 
Glucose, fructose 
Oligosaccharides 
HMF 
Levoglucosan 
Xylosea 
Glucose, fructose 
Oligosaccharides 
HMF 
Levoglucosan 
Xylosea 
Glucose, fructose 
Oligosaccharides 
HMF 
Levoglucosan 
Xylosea 
Glucose, fructose 
Oligosaccharides 
HMF 
Levoglucosan 
Xylosea 
Glucose, fructose 
Oligosaccharides 
HMF 
Levoglucosan 
Xylosea 
Glucose, fructose 
Oligosaccharides 

Table I I .  Short Development Analyses 
Minutes 

14 16 18 20  2 2  2 4  26 2 8  32 34  36 40 44 48 

Per Cent as Glucme 

0 .34  . . .  0 . 1 6  . . . . . . . .  . . . . . . . . . . . . . . . . . .  
2 . 1  . . .  1 . 9  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 . 2 5  . . .  b . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . .  95 .2  . .  9 5 . 9  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . .  2 . 1  . . .  2 . 1  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . .  0 . 1 6  . . . . .  
. . . . . . . . . . . .  2 . 2  . . . . .  
. . . . . . . . . . . .  b . . . . .  
. . . . . . . . . . . .  9 1 . 7  . . . . .  

. .  6 . 0  . . . . . . . . .  5 . 0  4 . 7  . . .  4 . 9  

11 .0  1 0 . 8  1 0 . 5  . . . . . .  9 . 1  . . . . . .  9 6  . . . . . .  8 . 7  

. . . . . . . . . . . . . . .  2 . 5  . . .  2 . 3  . . . . . .  2 . 6  . . .  2 . 2  . . .  
. . . . . . . . . . . . . . .  0 . 2 9  . . .  0 . 4 2  . . . . . .  0 . 2 9  . . .  0 . 3 9  . . .  
. . . . . . . . . . . . . . .  76.1 . . .  75.9 . . . . . .  7 6 . 3  . . .  7 6 . 6  . . .  
, , . , . , , , , , . , , , , 2 0 . 4  , . , 2 0 . 5  , , , . . 2 0 . 2  , , , 2 0 . 3  , . . 

. . . . . . . . . . . . . . . . . . . . . . . .  0 . 4 8  . . . . . . . . . . . .  0 . 9 4  

. . . . . . . . . . . . . . . . . . . . . . . .  2 . 3  . . . . . . . . . . . .  2 . 9  

. . . . . . . . . . . . . . . . . . . . . . . .  8 7 . 1  . . .  , . , . , . 87.1  

. . . . . . . . . . . . . . . . . . . . . . . .  1 0 . 1  . . .  . . . . . .  8 . 8  
0 . 4 4  . . . . . . . . . . . . . . .  1 . 1  . . . . . . . . . . . . . . . . . . . . .  
2 . 5  . . . . . . . . . . . . . . .  2 . 6  . . .  . . .  . . . . . . . . .  

b . . . . . . . . . . . . . . .  h . . . . . . . . . . . . . . . . . . . . .  
87 .2  . . . . . . . . . . . . . . .  8 6 . 5  . . . . . . . . . . . . . . . . . . . . .  

9 . 9  . . .  . . .  9 . 8  . . . . . . . . . . . . . . . . . . . . .  

0 .69  . . .  0 . 9 0  . . . . . .  0 .66  . . .  0 .51  

b 0 . 1 3  . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . .  

a Values indicate order of magnitude. 
* Detectable but not quantitatively determinable. 

Median 

0 . 2 5  
2 . 0  
0 . 1 3  

95 .5  
2 . 1  
0 . 9 4  
2 . 3  

9 1 . 9  
4 . 9  
0 . 6 6  
2 . 4  
0 .11  

87 .1  
10 .1  
0 . 6 7  
2 . 4  
0 . 3 4  

7 6 . 2  
2 0 . 3  
0 .71  
2 . 6  
0 . 0 7  

8 7 . 1  
9 . 5  
0 . 7 7  
2 . 5  

86 .9  
9 . 9  

b 

h 

Table 111. Long Development Anatyses 
Minutes 

Per Cent as Glucose 
Hydrolysis Component 16 18 20  2 2  2 4  26 28  32 34 36 

2 Fructose . . .  . . .  . . .  
Glucose . . .  . . .  . . .  
Maltose, etc. . . .  . . .  . . .  
Isomaltose, etc. . . .  . . .  . . .  
Higher sugars . . .  . . .  . . .  

Glucose 8 8 . 7  8 9 . 0  89 .9  
Maltose, etc. 3 . 4  3 . 1  3 . 1  
Isomaltose, etc. 6 . 4  6 . 3  5 . 7  
Higher sugars 1 . 2  0 . 9  0 . 9  

4 Fructose . . .  . . .  . . .  
Glucose . . .  . . .  . . .  
Maltose, etc. . . .  . . .  . . .  
Isomaltose: etc. . . .  . . .  . . .  
Higher sugars . . .  . . .  . . .  

3 Fructose 0 . 2 2  0 . 6 5  0 . 4 1  

Detectable but not quantitatively determinable. 

0 . 0 1  
9 4 . 3  

1 . 8  
3 . 7  
0 . 2 5  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  
. . .  

. , . 0 . 2 4  , . . . . .  0 . 1 9  . . .  

. . .  8 9 . 5  . .  . . .  8 9 . 8  . . .  

. . .  2 . 5  . . .  . . .  3 . 5  . . .  

. . .  6 . 1  . . .  . . .  5 . 6  . . .  
, . .  1 . 2  , . .  . . .  0 . 9  . . .  
0 . 1 2  . . .  0 . 0 4  . . .  . . .  

7 8 . 0  . . .  78.9 . . .  . . .  7 9 . 0  
7 . 3  . . .  6 . 8  . . .  . . .  6 . 0  

1 0 . 3  . . .  1 0 . 2  . . .  . . , 1 1 . 0  
4 . 2  , . ,  4 . 1  , . .  . . .  4 . 0  

___- 
40 44 

0 . 4 5  
95 .1  . . .  

1 . 1  . . .  
3 . 2  . . .  
0 . 1 7  . . .  
. . .  0.11  
, . .  9 0 . 1  
. . .  2 . 9  
, , .  6 . 0  
. . .  0 . 9  
. . .  
. . .  8 0 . 3  
, , .  5 . 7  
. . .  1 0 . 4  
, .  . 3 . 5  

Median 

0 . 0 1  
9 5 . 0  

1 . 5  
3 . 3  
0 . 2 3  
0 . 2 3  

8 9 , 7  
3 . 1  
6 . 1  
0 . 9  
0 . 0 2  

78 .9  
6 . 4  

1 0 . 3  
4 . 1  
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practice. The conditions and results 
of this experiment are shown in Tables 
I and I1 by comparing hydrolyses 3, 
5, and 6. I t  can be seen that, in the acid 
range used for the experiment, neither 
the dextrose equivalent nor the com- 
ponents in the equilibrium mixtures 
of the hydrolyses were influenced by the 
acid concentration. 

Some workers (3) have reported that 
in starch hydrolysis the D-glucose content 
decreases soon after the maximum 
dextrose equivalent has been reached. 
For the hydrolyses reported here, neither 
the dextrose equivalent nor the D- 

glucose-fructose percentages decreased 
during the times studied, which are 
much longer than normal factory prac- 
tice. 

Figure 4 shows the color measurements 
for five of the factory conversions. It 
shows that color rises during the re- 
action. indicating that degradation 
occurs. As no significant change in 
dextrose equivalent, D-glucose-fructose, 
or other equilibrium products is appar- 
ent, color formation probably involves 
only a minute amount of substrate. 

Hydrolyses 7, 8, 9,  and 10 (Table I) 
summarize those made in laboratory 
equipment. The glucose-fructose re- 
sults of the tantalum bomb reactions in 
\\hich no condensation occurred com- 
pare very wtzll with Figure 3 at  17.4% 
dry substance starch; the oligosac- 
charides are somewhat higher. Results 
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A 
Figure 4. 
cornstarch 

Color development during acid hydrolysis of 

‘ Figure 3. Component varia tion of cornstarch hydrolyzates 
at hydrolysis equilibrium with change in starch concentration 

of the laboratory converter reversion of 
D-glucose, in which steam condensation 
occurred, fall on Figure 3 at  about a 
14.070 dry substance level a t  the locus 
expected. Essentially the same results 
were obtained with laboratory as with 
factory equipment. 
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