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-APPLICATION OF THE FALLING NUMBER METHOD FOR
EVALUATING ALPHA-AMYLASE ACTIVITY!

HARALD PERTENZ

ABSTRACT

Determination of the alpha-amylase activity in finely ground grains and
flours is described. The results of the falling number method are compared
with those of other methods for measuring alpha-amylase activity. Certain
applications of the method are also described. These include studies on the
influence of wheat and rye alpha-amylases on different kinds of starches, com-
putation of flour mixtures with desired viscosity characteristics, predicting
the malt supplement required to produce a given viscosity, and the effect
of alpha- and beta-amylases on the quality of bread crumb.

‘Millers and bakers are greatly interested in reliable methods for the
determination of alpha-amylase activity in grain and flour. These
methods permit alpha-amylase activity in flour to be adjusted to a
desired level either by the addition of malt or by blending flours of
different alpha-amylase activities. A number of methods have been
described. They involve measurement of sugar (1-3), viscosity (4-11),
and starch-iodine color. (12-21).

Rotsch (22) showed remarkable differences among the baking prop—
erties of starches isolated from the'same cereal. Still greater differences
prevail between starches from different kinds of grains. Since the effect
of alpha-amylase activity depends not only on the properties of the
enzyme but also on the properties of the starch, an autolytic method
for the determination of alpha-amylase activity is suggested. Methods
utilizing the starch-iodine color reaction do not provide information
on the properties of the starch during baking. Viscometric methods
have proved to be the most valuable.

Recently, a simple and reliable viscometric method known as the
“falling number” method has been developed by Hagberg (23,24) and
Perten. This method determines alpha-amylase activity using ﬂour as the

1 Manuscript received March 9, 1962. Presented in part at the 48th annual meeting, Minneapolis, Minn.,
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native substrate. The method is based upon rapid gelatinization of a
flour suspension and subsequent measurement of the degradation of
the starch paste by alpha-amylase, under conditions similar to those
encountered during baking. The falling number method has been
tested by the International Association for Cereal Chemistry (I.C.C.)
and has proved to have good reproducibility (25).

The purpose of the present work is to. describe the application of
the falling number method to various cereals and to compare various
methods for measuring alpha-amylase activity. These include the malt-
ose determination, amylograph, and SKB methods. The falling number
method is also discussed as a means for predicting the malt supple-
ment required, as well as the effect of alpha- and beta-amylases on the
quality of bread crumb.

Materials and Methods

Sixty-five samples of wheat and 30 of rye were tested. The wheats
‘included Manitoba, Australian, Irish, Russian, French, Swedish winter,
and Swedish spring wheat. The wheat and rye samples used to com-
pare starches and amylases were grown in Sweden. They had protein
contents of 12.0 and 8.09, and ash contents of 1.56 and 1.45%,, respec-
tively. All samples were finely ground in a hammer-type laboratory
mill, to pass through a 0.8-mm. sieve.

Barley malt with an alpha-amylase activity of 140 H-units (59 SKB
units) was used as a source of cereal amylolytic activity.

Several methods for determining alpha-amylase were employed.
Maltose values were determined according to the AACC method (1). In
the amylograph, 90 g. of finely ground grain (149, m.b.) and 450 ml. -
distilled water were used for testing both wheat and rye samples. The
alpha-amylase activity was also determined by the colorimetric method
of Hagberg (12). This method is based on the Wohlgemuth principle
(21) and is similar to the SKB method (19). The values obtained are
called H-units (period of half-life) and may also be expressed in terms
of the well-known SKB units.

The falling number method (23,24) was employed to compare
different starches and amylases. On alpha-amylase-free starch, 5 g. of
starch and 25 ml. of a 109, aqueous enzyme extract (v/w) of finely
ground wheat and rye were used. For determining the influence of pro-
‘teins on the falling number results, an addition of 159, of a com-
mercial dry wheat gluten (0.75 g.) to 5.0 g. of wheat starch was used.

Results and Discussion :
Time-Temperature Relationship in the Falling Number Method
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and in Baking. The influence of the enzymes on undamaged starch
granules at normal fermentation temperature is very small. After
gelatinization, the starch is more easily attacked by the amylases and
‘may be hydrolyzed rapidly. The interval between the gelatinization
of starch (55°-65°C.) and the inactivation of the enzymes during bak-
ing (75°-80°C.) is a decisive factor in determining bread crumb qual-
ity. In the falling number test, it takes about 30 sec. to pass the critical
temperature range for amylase activity in bread crumb. During bak-
ing, using 70 g. dough at oven temperature 250°C,, it takes about 40
sec. to pass the same range. (By baking of larger doughs, e.g., using
800 g. dough, this time will be about 140 sec.) Thus, in the falling
number method, the starch passes the critical temperature zone for
alpha-amylase activity in nearly the same period of time as during
baking. This relationship. between time and temperature is shown in
Fig. 1.
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Fig. 1. Increase of temperature in flour suspension according to “falling num-
ber” method (7 g. flour, 25 ml. water — 100°C.) and in bread crumb, during baking
(70 g. dough, oven temp. 250°C.).

Comparison of Results by Different Methods for Determining
Alpha-Amylase Activity. The relation between falling numbers and
maltose values is presented in Fig. 2. The correlation coefficient for re-
sults obtained by the two methods for wheat is —0.796; and for rye,
—0.765. Since Sandstedt and Mattern (26) as well as Sullivan et al. (27)
have proved that the maltose value of flour depends to a very high
degree on the amount of starch damaged by grinding, the relatively
good correlations in Fig. 2 may result from the uniform grinding
technique. ’
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Fig. 2. Comparison between maltose values and “falling numbers” of wheat
and rye.

Figure 3 shows the falling numbers and the amylograph values of
wheat and rye for comparison. Although there is correlation between
these values, the curves for wheat and rye are quite different. This is
due to a difference in substrate rather than a difference in the amylase

500+

FALLING NUMBER, seconds

50100 200 300 400 500 600 700 600 900
AMYLOGRAPH (B.U.) o )
Fig. 3. Comparison between amylograph values and “falling numbers” of wheat
and rye.
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activity. The amylograph and the falling number methods measure
the viscosity in different ways. The amylogram units designate the
maximum peak height viscosity after gradual heating of the starch
suspension (1.5°C. per min.). The falling number method indicates
the viscosity of the gelatinized starch at nearly 100°C., after enzymatic
decomposition during a relatively short period of heating.

The relation between the falling numbers and the alpha-amylase
activity is evident in Fig. 4. The falling numbers for wheat and rye
are related curvilinearly with alpha-amylase activity. The curves have
similar characteristics but are distinctly separated from each other.
Rye has a lower falling number than wheat at equal alpha-amylase
activities. Normally, bakery-type wheat flour has a falling number be-
tween 200 and 250. When the falling number lies below 150, there is
great danger that the bread crumb will be sticky. When the falling
number is greater than 350, bread volume is diminished and a dry
crumb results, unless the defect is balanced by the addition of malt.
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Fig. 4. Comparlson between alpha -amylase activities (H-units and SKB-units)
and “falling numbers” of wheat and rye.

The curvilinear relationship between the falling number and the
alpha-amylase activity (Fig. 4) may be expressed as a straight-line func-
tion by converting the falling number into a liquefaction number (LN)
as indicated by the empmcal formula below:

6,000

falling number — 50

Liquefaction Number =
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In this equation, 6,000 is a constant. The number 50 corresponds ap-
proximately to the time in sec. required for the flour starch to gelati-
nize sufficiently so that it will be available for attack by the enzymes.
The data in Fig. 5 show that the LN is proportional to the alpha-
amylase activity over the range encountered in commercial flours. This
range corresponds to falling numbers between 80 and 500. The cor-
relation coefficient between liquefaction number and alpha-amylase
activity for wheat is 0.975, and for rye 0.919.
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Fig. 5. Comparison between H-units (SKB) and “liquefaction numbers” for wheat
and rye.

Figure 5 shows, somewhat more distinctly than Fig. 4, that rye
starch was degraded to a greater extent than wheat starch at the same
alpha-amylase activity. This observation led the author to the supposi-
‘tion that rye alpha-amylases have higher liquefaction than dextriniza-
tion activity compared to wheat alpha-amylases. It is also possible that
wheat starch is more resistant than rye starch to alpha-amylase attack.
Using the falling number method, wheat and rye enzymes, as well as
wheat and rye starches, were compared under conditions similar to
those encountered during baking. Analyses of the grains used for
enzyme extraction are given in Table I. These data show that the
relative activity of the alpha-amylases in wheat and rye is quite depend-
ent on the method used for analysis.
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TABLE I
ANALYTICAL DATA FOR WHEAT AND RYE GRAIN
Aex pom  Mpoiwae o funve Awon M
% % H-Units SKB-Units sec. B.U. %
‘Wheat 1.56 12.0 2.17 0.87 131 55 3.0
Rye" 1.45 8.0 2.07 0.83 103 190 3.0

As is evident from Fig. 6, there is no difference between the activi-
ties of wheat and rye amylases as determined by the falling number
method. The dextrinization and liquefaction power of these amylases
are the same. However, great differences exist among the various kinds
of starches. Corn and wheat starches have considerably higher resist-
ance to enzyme activity than do rye and potato starches. The falling
number of rye starch is lower than that of wheat at equal amylase
activities. This is caused by the lower resistance of rye starch to enzyme
digestion and the fact that rye starch gelatinizes at lower temperatures
than wheat starch. Consequently, the enzymes attack the gelatinized
rye starch for a longer period of time before they are inactivated. These
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Fig. 6. Degradation effects of wheat and rye amylases on different starches ac-
cording to “falling number” values.

data indicate the importance of determining simultaneously the alpha-
amylase activity together with the enzymatic susceptibility of the flour
starches. The experiment suggests also that gluten may not exert as
large an influence on the starch paste as has often been assumed.
Preparation of Flour Mixtures with Desired Falling Number. The
" linear relation between the liquefaction number and alpha-amylase
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activity makes it possible to calculate arithmetically or graphically
the composition of flour mixtures with a desired falling number.

Example. Grain No. 1 has a falling number of 80; therefore,

6,000
“80—50 2
Grain No. 2 has a falling number of 300; therefore,
6,000
IN=—"—=
N 300 — 50 24

If the desired falling number of the mixture is assumed to be 150,
the corresponding ’
6,000
IN=———=
LN 150 — 50
The percentage (x) of Grain No. 1 in the final mixture is calculated -
as follows:

60

X 1(?)((;0) = LN contributed by Grain No. 1 @
LO;%%) — LN contributed by Grain No. 2 @)
x (200) 100 — x (24)
: = 60 ‘ 3
100 T - 100 ©
100 (60 —24) 8,600
=001 = 1ng =205% )]

Flour blends may be mixtures of wheat, or. rye, or of wheat and rye.

~ To assure correct computation, however, the components of each mix-
ture must be ground equally fine. The data in Table II show the effect
of mixing wheat and rye according to the liquefaction number. The
linear relation between the liquefaction number and the composition

TABLE II
ENZYME ANALYSES FOR MIXTURES OF WHEAT AND RYE FLOURS
: LIQUEFAC-

Wi R F. Amyro- SKB
Mow e Am o mew REED O Gert  Gme O

% ’ % % % . B.U.
100 .. 0.55 109 205 39 125 0.16
75 .25 : 133 72 70 0.57
50 50 98 125 50 0.99

25. 75 89 154 75 1.42
.. 100 0.76 7.2 80 200 135 1.86
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of the flour mixture for the data in Table II is evident from Fig. 7.

 The linear relation between the “liquefaction number” and malt
addition, as is evident from Fig. 8, makes possible a graphical determi-
nation of the amount of malt supplement required for balancing the
alpha-amylase activity in flour.
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Fig. 7. Wheat and rye flour mixture relations based on liquefaction number.

The data show that wheat and rye starches are different with respect
to their susceptibility to enzyme digestion. The resistance of the flour
starch varies not only for different grains such as for wheat and rye,
but also for one grain type (Fig. 9). Because of this difference it is
necessary to determine the resistance of the flour starch against the
malt used by two or more falling number determinations. Thereafter,
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Fig. 8. Relation between liquefaction numbers and amount of malt supplement
added to wheat and rye.

it is possible to detérmine graphically the amount of supplement re-
quired. To balance the amylase activity to the same falling number
level (e.g., corresponding to liquefaction number 40), the amount
of malt that needs to be added can be determined from the diagram.
Australian wheat requires about 0.29, of a certain malt- (Fig. 9),
Swedish wheat about 0.39,, and Manitoba 0.49, in order to attain the
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Fig. 9. Calculation of the desired amount of malt supplement based on lique-
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same falling number. Among the wheats tested, the Australian wheat
exhibited the lowest resistance to malt. All other wheat samples had
resistances similar to those of Manitoba and Swedish wheat.

Choice of Methods for Determining Alpha-Amylase Activity. The
method chosen for measuring alpha-amylase activity in grain products
is very important since the fermentability of the dough (in formulas
containing little sugar), as well as the quality of the bread crumb, de-
pends upon alpha-amylase activity. The amylases convert flour starches
into fermentable sugar and maltose, and the fermentation of the dough
depends on the formation of sugar. Only that amount of sugar which is
formed at temperatures between about 25° and 40°C. influences the fer-
mentation process; therefore, the formation of maltose, which depends
on the co-activity of alpha- and beta-amylases but which is mainly spe-
cific for. the beta-amylase activity, must be measured at these tempera-
tures. The quality of the bread crumb depends on the enzyme activity at
temperatures between 55° and 80°C. (i.e., between the gelatinization
of the starch and the inactivation of the enzymes). In this temperature
range, the starch is hydrolyzed mainly into dextrins by alpha-amylase.
The extent of the starch hydrolysis should be measured in the range
above the gelatinization temperature, because gelatinized starch is
more susceptible to attack by the enzymes.

Results obtained by different methods for determination of amylase
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Fig. 10. Amylase activity in rye flour at different pH values according to lique-
faction number (calculated by “falling number”) and maltose value.
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activity may vary, depending upon the nature and conditions of the
measurements of alpha- or beta-amylase activity. For instance, the pH
optimum for alpha-amylase activity lies within different ranges de-
pending on the determination method. To illustrate the importance
of pH, aqueous suspensions of rye flour (0.769, ash, 149, m.b.) were
prepared and their pH values were adjusted to different values with
lactic acid or sodium hydroxide. The falling numbers were determined
as well as the maltose values at 27°C. according to the method of
Berliner (2). The curves (Fig. 10) show that the pH optimum for
alpha-amylase activity, according to the falling number method and
maltose method, agrees with the alpha- and beta-amylase activities, re-
spectively, as determined by Ohlsson and Uddenberg (28).

Conclusions

The influence of beta-amylase in baking is of minor importance to
the quality of the bread crumb, since beta-amylase cannot attack un-
damaged or nongelatinized starch. The sugar formation by this enzyme
at fermentation temperatures is substantially dependent on the amount
of starch which was damaged by grinding. Furthermore, the enzyme
is inactivated at relatively low temperature, often simultaneously with
the occurrence of starch gelatinization. Beta-amylase affects only slight-
ly the viscosity of the starch paste and cannot be measured by the fall-
ing number method.

The influence of alpha-amylase activity is of major importance in
determining bread crumb quality. Alpha-amylase rapidly decreases the
viscosity of the starch paste and hydrolyzes the starch to water-soluble
dextrins. Alpha-amylase can be measured by the falling number
method. Although the alpha-amylase influences sugar formation by
preparing -additional accessible points of attack for attack by beta-
amylase, the amount of maltose which is produced by alpha-amylase
itself may be considered megligible. Therefore, the alpha-amylase ac-
tivity at temperatures higher than the gelatinization temperature can-
not be predicted reliably from the amount of sugar formed at lower
temperatures.

The formation of sugar is greatest in the acid range of pH where
alpha-amylase is less active. Because alpha-amylase is highly sensitive
to low pH, its activity may be easily decreased by addition of acid. The
optimal pH range for alpha-amylase of cereal type is 5.2 to 5.4. In
Sweden, where rye bread is baked mainly without leavening and often
with rye flours having high alpha-amylase activity, a distinct improve-
ment of the crumb quality is observed when lactic acid is added to
adjust the pH to about 5.0.
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