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The influence of sprouting and resistance to sprouting 
on the alpha-amylase content and baking quality 

of D utch wheat and rye 

by 

H. de Miranda 
Cereals Department of the Centra l I nstitute fo r Nu trition Research T.N.0 ., \Vageningen, Netherlands 

In the countries of North-western Europe the qual ity of wheat a nd 
rye is seriously damaged in some years by the occurrence of sprouting, 
clue to much ra in at the time of h arves t. 

M uch a ttention h as already been given to this phenomenon, bring
iug to light the fac t that there are great varietal differences in suscepti
bility to sprouting. Thus there are wheat varieties which exhibit great 
resista nce to sprouting. The grains of these varieties are not yet cap
able of germinating when the corn is ripe for harvest, normal germi
n<i ting power only appearing after a period of ripening. In other va
rieti es the power of ge rmina tion is already presen t at the time of h arvest, 
so that in the case of clamp weather during the harvest, much loss can 
be suffered by germina tion of the grains in the ear. 

The existen ce of these varietal differences provides the growers wi~h 
the opportunity of combin ing, by selecti on, the property of resistance to 
sprouting with other desired properties. For thi s a scien tific basis is 
necessary with a n increased insigh t in to germination, the factors in
fluencing it and the cause of the occurren ce of such distinct varie tal dif
ferences in susceptibility to sprout ing. 

ln connec tion with the foregoing, it is important to consider the meth
ods for determining the degree of damage by sprou ting with it in
fluen ce on th e baking g uality, and the meth ods for determining the re
sistance to sprouting. n this address I propose to give an idea of some 
research work which h as been carried out by our Institute concerning 
these methods. 

T he poor baking quality of wheat and rye damaged by sprouting is 
caused chiefl y by the presence of the enzyme alpha-amylase in a ten to a 
hundred times higher concentration than in grain not damaged by 
sprouting. 

ln these high concentrations this enzyme, formed during germina
tion, causes a far-reaching degradation of starch to dextrins during the 
process of baking. 

T he determination of the degree of sprout damage can be carried out 
in many ways. I mention a few possible ones h ere: 

1. Determination of the alpha-amylase content. 
2. Determination of the starch breakdown after autolysis of the 

milled gra in at tempera tures which also occur during the process of 
baking. 
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3. Determination of the degree of germ development. 
In our Institute the determination of the alpha-amylase content re

ceives much careful a t tention. In 1947 our former co-worker M iss 
H osKAM p ublish ed a colorimetr ic method (1) , advancing on the work of 
SANDSTEDT et al. (2) . With thi s method erythrodextrin , obtained through 
the action of beta-amylase on sta rch , is u sed as substrate, the blue colou r 
produced with iodine be ing used as a measure for the starch breakdown. 
T h e alpha-amylase acti vity is computed as the amount of erythrodextrin 
in mg, converted per minute (a t 30° C) by the alpha-amylase p resent in 
l g. fl our (R oskam units) . 

Next, fo llowing u p the work of the Swedisch investiga tors Mou 1 (3) 
and H AGBERG (4), we developed a me thod based on the autolysis of the 
flour a t 70-75 ° C, and the viscosimetric determina tion of the starch 
hreakdown. W ith this method the micro-plas tometer of H oPPLER (fig. 1) 
is u sed . I will mention a few particulars h ere as this method h as not yet 
been published . 

Fig. l M icro-p lastometer accord ing to Hoppler 

2 



5 g. fl our are mixed with 5 ml. buffer solution (JO g Ca ace ta te, 10 g . 
Na ace ta te a nd 1 ml. glacial acetic acid per litre, pH 5.7). About 1.5 g. of 
this mixture is put into a receptacle of the micro-plastometer. Four of 
these receptacles are placed in a metal case with a close ly fitting screw
lid , then immersed for 10 minutes in a water-bath of 75 ° C and after
wards for 15 minutes in a water-bath of 30° C. The plasticity is now 
measured in arbitrary units. I cannot h ere enter into deta il s of this mea
suring. 

A definite connection exists between this plasticity a nd the alpha-amy
lase co ntent (fig. 2). The data for this figure have been ta ken from the 
in vestiga tion of wheat samples in which artificial sprouting of varying 
degree h ad been produced. I shall refer to this in ves tigation la ter. This 
figure shows that a comparatively low content o f a lpha-amylase already 
causes a very great reduction of the plasticity, but a very high content 
is necessary to bring the plasticity practicall y to zero. A simple recti· 
linear relation exists between the logarithms of plasticity and alpha.
amylase content. This is also reproduced in figure 2. It is remarkable 
that this connection is present over such a large stretch. The alpha
amylase content varies h ere from 0.5 tot 200! 
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Fig. 2 Correlation between a lpha-amylase content (A) a nd p la ti city (P ) and between 
log A en log P in artificia lly sprouted wh ea t 
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The degree of sprouting can also be es ta blished by observation of the 
degree of germ development in the unmilled grain . For this pu rpose 
""e h ave worked out a method wh ereby fo ur stages of development are 
recorded, viz. : 

0. Germ dorma nt. 
I. Swelling of th e germ (the thin skin over te germ is hereby lifted 

up, remaining in this pos ition even when the ge rm afterwards shrinks 
th rough des iccat ion). 

2. T he beginning of shoot a nd roo t forma ti on. T h e sum of the leng Lh 
of shoot a nd main root is, however, not ye t grea ter tha n the length of 
the gra in. 

3. Advanced germination. 
A t least 100 grains are examined with a binocular microscope and 

sorted according to th ese stages. Should on e find from the 100 gra ins 1 

at stage l , N 2 a t stage 2 a nd N 3 a t stage 3, then the va lue Sas a measure 
for visible sp routing can be calcula ted as follows: 

T he coefficients are so chosen tha t S ca n vary from 0 to 100. 
Figu re 3 shows the rela tion between S a nd the alpha-a mylase content, 

based on the same in vestigation as the former figure. H ere the amylase 
conten t h as aga in been se t out on a logarithmic scale a nd then a m ore or 
less recti linear relat ion with S is shown. T he correla tion, h owever, is 
less stro ng here tha n in the fo rmer figu re (the correlation-coefficien t is 
0.926 ± 0.022 aga inst 0.985 ± 0.004 in the fo rmer case). A t a certain 
va lue of S very varying alpha-a mylase contents can occur. W e m ust, 
however, re mem ber tha t the sa mples examined were ve ry heteroge neou s, 
some corning fro m white wheat, which is suscep tible to sprouting, some 
from red, more sprout-resistent wh ea t. I sh all re tu r n to this la ter . 

In fi gu re 3 ·the ave rage p ercentages of st ro ngly germina ted gra ins at 
certa in S values, are also given . It appears that a t a n S value of 50 al
m ost 10 per cen t of such gra ins occur. Thus the high er S va lues are re
la ted to very extreme cases. On the other hand, the S value still gives 
a good d iffere ntiation in the region of sligh t sprout damage, where the 
percentage of stro ngly germina ted grains is no longer a good criterion. 
T h is region of slight sprout damage, where the alpha-amylase conten t 
lies be tween 1 a nd 10, is of great importa nce fo r practical p urposes, be
cau se here the dividing-line lies between the whea ts whose baking qu a
! ity has not suffered th rough sprouting and those with a definitely de
ter iora ted baking quality (resulting from too high an alpha-amylase 
conten t). 

In a n investiga tion of wheat samples from Dutch experimental fi elds, 
baking tests were carried out and stickiness o f bread crumb was es timat
ed by h and, u sing a scale of poin ts from 0 to 4. A significant correla tion 
(r = 0.75 ± 0. 10) was found between these f igures for stickiness and the 
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Fig. 3 Correlation between a lp ha-a mylase conten t and visib le sprouting in a r ti fic ially 
sprouted whe~ t 

alpha-a mylase content (fig. 4), whereas the correla tion of alph a-amy
lase and bread volu me was not significant (r = 0.17 ± 0.1 5). 

Fig. 4 also shows th e rela tion between alpha-am ylase content a nd 
sti ckiness based on a n earlier inves tigation on samples of rye . It is evi
dent tha t this rela t ion is not very different for either wh eat or rye. In 
the case of both, the grea test increase of stickiness occurs when the alpha
amylase content r ises from about 1 to 10. This is the region already 
mentioned, wh ere the division lies between unda maged baking quali ty 
and stro ngly diminished baking quali ty clue to sprouting. This figu re 
cl early shows that the judging of the diminished ba king quality on the 
bas is of the alpha-a mylase content can be carried out with whea t and 
rye in a more or less similar way. 

For practica l purposes it is im porta nt to find ou t how thi s evil of 
sprout damage ca n be combated . One of the most important ways is 
the culti va tion of va ri eties wh ich are as res istent as possible to sp rout
ing. It is know n tha t grea t differences exist in this respect. On the 
wh ole, white whea ts are not very res istant, wh ereas red wheats as a rule 
show a grea t degree of res istance. 

T he method of SCHM IDT (5) has fo und favo ur in the investigation of 
resista nce to sprouting in whea t va rie ties . According to thi m ethod 
bundles of ears are brought into damp surroundings and then , a t regular 
times, the degree of germination is estima ted, using a certa in scale of 
points. In the case o f this es tima tion the first beginning of sprouting 
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Fig. 4 Correlation between alpha-amylase content and stickiness of bread crumb in 
samples of rye flour from 1948 crop (upper part) and in samples of whole wheat m eal 

from 1953 crop (lower part) 

is not noticed, as the grains are not taken from the ears a nd the germs 
are thus only visible when they have reached a certain length. This 
rather rough method is u seful for the comparison of a few varieties who 
can be investigated toge ther. However, little thought has been given to 
modifying this method in such a way tha t it can be carried out in con
trolled circumstances. Perh aps it is also desirable to substitute a finer 
method for the rough estima tion of the degree of germination. 

In this connection I mention a few results here of an investigation in 
which bundles of ears were kept some time in damp surroundings, ac
cording to the principle of the method of S CHM IDT, but in ·which , a t the 
same time, a n investigation of the grains was made according to the 
methods just described. The da ta for figures 2 and 3 concerning the 
relation between alpha-amylase content, plast icity and visible sprouting 
were derived from this investigation . As far as the treatment of the 
ears was concerned the investigation was carried out by the Institute of 
Agricultural Plant Breeding at Wageningen, while the investigation of 
the grains was carried out by our Institute. 

6 



V I S IBLE 

SPROUTI N G 

•• 

I I p-· 
I . / 

I I 
I 

I I 

20,' / 
I 

I I 
)/ I 
1 · 

9 
I 

•D I 
I I 

I 9 

/ 

/ 

0 
/ 

o<-A M YLASE 

C. 0 N TENT 
0 

I 

/ o I 
/ / 

/ / // ,,o 

I 

/ / 
/ 

/ 

-----·/ 
/ 

/ 
/ 

/ 

J 
·--· I 

I 

IOO / /•--. 
/ .... 

so :a' / 
1/ // 

'l / 
• ,/ I 

'; I 
I I 

// I 
I 

I 
I 

I 

0 . 

I 

'' '. ,, ,, , . ,, ,, 
',o 

'o'· 

•• 

\ ., . \ 

''· \ •\ \ 

\\ \ . \ 

I \ \. ~\ 
,\ \ 

\\ \ 
\C- ~. 

PLAS T IC IT Y 

' '· 

\ 
\ 
\..--" 

'o \-0 

'-...-- -·· 
DAYS IN M OIS T C.HAMB ER 

Fig. 5 Correlation between number of days in moist chamber and visible sprouting in units 
(see text), a lpha-am ylase content in Roskam units and plasticity in arbitrary un its in 4 
wheat varieties. Upper ha lf: immed iately after harvest. Lower half: 15 days after harvest 

o- - - - - o Minister } 
White whea t va rieties o-----o Staring 

e- - - - • H eine's vu} R ed wheat varieties 
•------• Mado 

Figure 5 gives a survey of the resu lts . The inves tiga ti on was con
cerned with four vari eties of whea t, viz. two white variet ies a nd two 
red ones. Immedia tely after the h arves t, a portion of the ears was made 
into bundles and brought into a cl amp space. The upper half o f the 
fi gure relates to th is. Another portion was kept dry for 15 days and 
only then brought into clamp surroundings. The resu lts of this are 
given in the lower half of the figure. Samples were taken for invest ig:t
tion as soon as the bu ncl les were brought into the clamp space and again 
after differing numbers of days, as given in the figure. These samples 
were dried a nd threshed, afterwards being inves t igated accord ing to the 
methods described . It can be seen from the figure that during the stay 
in the damp space visible sprouting and alpha-amylase content in
creases, whi le p lasticity a fter ge lat inization, measured with the micro
plastometer, decreases. In the first series (upper h alf), however, there 
is evidence of a marked difference between the white and the red wheats, 
clue to the difference in the res istance to sprouting. After rema ining 
five days in the clamp space, the white wheats are in a very adva nced 
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stage of germ ination, whereas the red ones only just show a beginning of 
germination. 

In the second ser ies (lower h alf) , the situation proves to be differen t 
insomuch that one of the red whea ts, the variety H eine's VII, h aving 
lost much of its resistance, now shows more similarity with the white 
wheats. In the period of 15 clays between the harvest and being brought 
into the clamp sp ace, this wheat h as ripened sufficiently to have a nor
mal germinating power. The other reel wheat, the variety Maclo, still 
shows a satisfactory resistance here. Apparently the normal germinating 
power of 'this variety is only reach ed after a still longer period of 
ripening. 

T his inves tigation proves that the described methods are reall y of use 
for stud ying res istance to sprouting a nd the length of th e ripening 
periods of wheat varieties. The advantage of these methods is that even 
after a very short stay in the clamp space, whereby only just the begin- _ 
ning of germination can occur, the differences are alrea dy m anifes t. The 
figure sh ows that the stay in the damp place ca n be lim.itecl to abou t 
two clays without any objection. This m akes it possible to inves tigate 
more material in a rather small clamp room, which sooner just ifies the 
equipment of an installation for keeping temperature, relative hum id ity 
and the like, constant. 

The described investigations are incorporated in a grea ter scheme, 
of which it is the a im to find measures to com bat the loss of qua l ity 
suffered by whea t a nd rye through sprout damage. T he problem of the 
resistance to sprouting is very complicated . Still little is known with 
certa inty of the nature of the connection with the colour of the wheat. 
Of the mech a nism of germination and the part played by growth sub
stances and enzymes also not much is known, so I can not otherwise end 
tha n by remarking that there is still a great region h ere lying open for 
investigat ion . 
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SUMMARY 

In the countries of North-western Europe the quality of wheat and 
rye is seriously damaged some years by the occurrence of sprouting, clue 
to much rain a t the time of h arves t. The poor baking quality of these • 
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grains is principally clue to the presence of the enzyme alpha-amylase 
in a concentration ten to a hundred times greater than in grain not 
damaged by sprouting. In these high concentrations this enzyme, formed 
during germination, causes during the process of baking a strong break
down of starch to clextrins, resulting in stickiness of the bread crumb. 

Some experience was gained concerning the application of three 
methods for determining the degree of sprout damage, viz.: 

1. Determination of the alpha-amylase content according to the 
method of Roskam (1). 

2. Viscosimetric determination of the starch breakdown after auto
lysis of the milled grain at 70 - 75° C. Measuring of the plasticity after 
gelatinization, with the micro-plastometer according to Hoppler. 

3. Morphological determination of the degree of development of the 
germs in the unmillecl grain. 

In the investigation of samples of wheat in which sprouting to dif
ferent degrees has been artificially produced, the results obtained by 
these methods showed a definite correlation (see fig. 2 and 3). 

In the investigation of samples of wheat and rye, in which baking 
tests were taken, a definite correlation was found between the alpha
amylase content and stickiness of the bread crumb (see fig. 4). 

It is evident that the methods named can also be used in connection 
with the determination of the resistance to sprouting in wheat varieties. 
In such an investigation of four wheat varieties, viz. two white wheats 
and two reel ones, the difference in resistance to sprouting was clearly 
brought to light (see fig. 5). 
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