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INTRODUCTION

Amylases are enzymes which catalyze starch hydrolysis, con-

verting the starch Into dextrins and maltose (43). There are

two main types of amylases, alpha-amylase and beta-amylase. The

beta-amylase solits maltose units from the non-reducing end of

the starch chains and is called also a saccharogenic or saccha-

rifying enzyme. The alpha-amylase solits the chain at almost

any <jt-l,4 glucosidic linkage (30). Of the reducing material

formed, a considerable oart consists of dextrins. Therefore,

the alpha-amylase is known also as dextrinogenic amylase. The

alpha- and beta-amylase complement each other's action. Follow-

ing amylolysis there always remain low molecular weight dextrins

which include o(-l,6 glucosidic linkages. These are derived from

the amylopectin. The amylose fraction may be completely con-

verted to maltose by the action of beta-amylase (29).

Pazur and Sandstedt (41) studied the reducing groups pro-

duced by the action of malt enzymes on starch and starch-ollgo-

saccharides, at 30° C. They used oaner chromatography to re-

solve and Identify the different sugars. The action of aloha-

amylase on starch resulted in the oroduction of several short

chain saccharides, including glucose, maltose, amylotriose, amy-

lotetraose, and amylopentaose. Maltose was the only low mole-

cular weight product obtained by the action of beta amylase on

the starch. Alpha-amylase hydrolyzed amylotriose slowly to glu-

cose and maltose, but beta-amylase did not hydrolyze it. Glu-

cose, maltose and amylotriose were obtained by the hydrolysis of



amylotetraose with alpha-amylase, but only maltose resulted when

the same was hydrolyzed with beta-amylase.

Sandstedt et al (45) have shown that the undamaged starch

granules of **ieat flour are not attacked by the beta-amylase,

but the damaged granules are readily available to its action.

Beta-amylase is present in sufficient amount in normal wheat

flour, but alpha-amylase has to be supplied (IV) in the form of

malted cereal or other purified forms.

Malt syrup ha3 long been used in bakery nroducts. Its dough

improving properties were recognized in the 1890' s (43). At the

present time, malted flours generally are used to supplement

alpha-amylase. Most of this malt is obtained from barley or

wheat and, to a much smaller extent, from corn.

In recent years, several studies have been made on the use

of malt supplements from sources other than cereals for bread-

making purposes. Miller and Johnson (37) compared alpha-amylase

supplements from fungi and wheat malt, at different concentra-

tions and in straight and sponge doughs. Conn et al (11), study-

ing alpha-amylase preparations from bacterial and fungal sources

as compared with malted wheat flour, concluded that fungal prep-

arations may be used for commercial alpha-amylase supplementa-

tion if the proteinase content is not too high. The bacterial

preparations gave sticky and gummy bread crumb. Johnson and

Miller (26, 27) have shown the advantages of fungal alpha-amylase

supplements.

Schultz et al (49) studied the retardation of bread crumb

staling in commercial bread by bacterial alpha-amylase at vari-



ous concentrations. Jackel et al (24) studied the distribution

and behavior of the soluble and insoluble starch fractions of

bread crumb, with relation to their susceptibility to hydrolysis

by beta-amylase. They compared the results obtained in white

bread baked with and without bacterial alpha-amylase suoolement-

ation.

Miller et al (38) compared cereal, fungal, and bacterial

amylase oreoarations as supplements for breadmaking. They found

that the firmness of the bread crumb, as well as the amount and

the characteristics of the dextrin extracted from bread stored

for 90 hours, seemed to be related to the thermostability of the

enzymes used.

Depending upon their source, the amylases exhibit differ-

ences in certain properties, like optimum pH, optimum tempera-

tures, and thermostability (43). The bacterial alpha-amylase is

the most thermostable, fungal alpha-amylase is the least therm-

ostable, while the thermostability of the cereal alpha-amylase

is intermediate (38). The presence of starch tended to protect

the bacterial amylase against inactivation by heat, a character-

istic not shown by the other enzymes. An increase in concentra-

tion of the enzymes lowered the rate of firming of the bread

crumb, and had the tendency of oroducing more complex dextrins.

The amount of extractable dextrin in bread increased with all

amylases, but, with bacterial amylase, this increase was much

greater than with fungal or cereal amylase, "ith the aging of

the bread the average molecular weight of the dextrins decreased

in the soluble fraction, due to the crystallization or insolu-



bilization of the larger dextrins.

Various methods for- determining breakdown products of

starch are available. A few were selected for the purpose of

this study:

Periodic acid and periodates have been used by many invest-

igators for the determination of average chain lengths of carbo-

hydrates (1, 7, 10, 12, 20, 25, 33, 35, 39, 44, 47). The condi-

tions of pH, temperature, and time rteriod at which the oxidation

was carried out were not the MM for all studies. The method

used in the present work was based on that of Abdel-Akher and

Smith (1).

The ferricyanide method for measurement of reducing groups

(2, 3) was used by Miller et al (38) for the estimation of the

average chain length of dextrins. It has the advantage of being

rapid. The colorimetric ferricyanide method, like the previous

method, is based on the oxidation of the aldehydic group by fer-

ricyanide. The addition of ferric sulfate produces Prussian

blue, which is stabilized by gum ghatti. The color intensity of

the Prussian blue is measured with a spectrophotometer at 520 vx)X,

It has been used by Nussenbaum and Hassid (40) for the determin-

ation of average chain length, in comparison with osmotic pres-

sure measurements.

There are several other workable methods, not used in the

present study. These Include: a great number of other reduction

methods, among which the copper reduction methods are the most

important; the methylation method (4, 6, 22) which is the clas-

sical procedure for the determination of structure and chain



length, but which is very elaborate and time-consuming; and the

osmotic pressure determination of dilute nolutions (16, 19, 21,

42).

Many methods have been used for the determination of sugars

(8), using physical, chemical, and biological means. Most of

these methods fail to differentiate among the different types of

sugar present in a mixture. Several methods have been developed

for the analysis of sugar mixtures. Most of them are elaborate.

Paper partition chromatography supplies an ideal method for the

separation of the sugars present in material such as flour and

bread extracts (18, 31). Once separated, several analytical

methods may be used for the quantitative determination of each

sugar (2, 3, 8, 14, 32, 36, 50). Basically, chromatography is

a fractionation procedure (51). It depends on the differential

migration of solutes through a stationary phase. In paper oar-

tition chromatography, the stationary phase is generally water

supported by a sheet, strip, or circle of filter paoer. The

moving solvent usually has two or more components. The solvent

carries the solutes at different soeeds through the paoer, de-

pending on the partition coefficient of each solute. The parti-

tion coefficient Is the ratio between the concentration of the

solute in the non-mobile phase and the concentration of the same

in the mobile phase, at equilibrium (5).

The objective of the present study was to characterize the

carbohydrate material altered during baking by the different

types and concentrations of alpha-amylase supplements and to

relate these data to the characteristics of the bread crumb.



The characteristics studied included concentration of maltose

and dextrose, and quantity and chain length of the soluble dex-

trins.

MATERIALS /. [ODS

Baking of Bread

An unmalted commercial hard red winter ->atent flour with

0.41 par cent ash and a protein content of 11.9 per cent (14 per

cent moisture basis) was used for all exoeriments.

The enzyme supplements included a commercial malted wheat

flour and two commercial enzyme concentrates, one of which was

of fungal (Diastase-33 ) and the other of bacterial ( -me

DX1 ) origin. The alpha-anylase activities of these preparations

were 75, 5335, and 253 KB units (46) per gram, respectively.

The baking experiments were carried out on a laboratory

scale using a 70 per cent sponge-dough procedure. The enzyme

supplementation was made in the sponge.

The following formula was used:

Ingredients Percentage Sponge Dough
gH gm

Flour 100.0 490.0 210.0
Yeast 2.0 14.0 —
Arkady 0.25 1.75 ^MV

Malt supplement variable variable
Sugar 5.0 — 35.0
Salt 2.0 •M 14.0

Rohm and Haas Co., Philadelphia, Pennsylvania.



Ingredients Percentage SESMB Dough
gm gm

Dry skin milk solids 4.0 — 28.0

Shortening 3.0 — °1.0

Water 70.0 343.0 147.0

A total of ten variations in enzyme supplements was includ-

ed. These were as follows:

1. Control.
2. I'alted wheat flour— 140 alnha-anylase units.
3.

n " 560 ii
* n tt

4.
it 'i " 1120 !l n ft

5. Diastase-33 140 It n it

6.
m 560 n it ft

7.
I) 11 1120 'i

8. Rhozvne (DX) 7 »i it H

9.
ft it 35 »i n •1

10.
<! " 140 tt It

The sponge* were mixed for two minutes in a Hobart A-800

mixer. They were set at 81-82° F. and fermented for three hours

at 86-88° P. and 90 oer cent relative humidity.

The doughs were remixed for three minutes and the dough tem-

perature controlled at 84-86° F. The doughs were given a 30-min-

ute floor time, scaled to 18 oz., and given 20 minutes' rest be-

fore moulding. The doughs were nroofed at 92-94° F. and 98 per

cent relative humidity for 55 minutes and baked for 28 minutes

at 425° F. in a revolving reel tyoe oven. Loaf volumes and

weights were determined immediately after coming from the oven.

Grain and texture scores were made one hour after baking. After

scoring, the siigars and the soluble starch fractions were ex-

tracted from the crumb.
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Preparation of the Crumb Extract

The sugars from 100 gm of oread crumb were extracted by re-

fluxing for two and a half hours with 320 ml of 95 oer cent eth-

yl alcohol. This would give a final extract of 84 oer cent al-

cohol due to the water contained in the crumb. The suspension

was centrifuged to separate the extract from the crumb. Most of

the alcohol was removed from this extract by distillation under

low pressure. The concentrate was centrifuged at 1400 r.p.m. for

five minutes, and made up to 50 ml volume.

The solution was then de-ionized (52) by adding 2 gm each

of Dowex 50 and Duolite A42 , and letting it stand for 10 minutes,

It was then filtered and stored in the refrigerator until the

chromatograohic analysis could be performed.

The residue of the alcohol extraction, remaining in the

centrifuge-tubes, was washed into a one-liter Erlenmeyer flask

with 500 ml water and extracted for two hours at 30° C. It was

then centrifuged at 1400 r.o.m. during five minutes, the aqueous

solution decanted, olaced in test tubes, and rapidly frozen at

-10° C. for storage. Aliquots of this solution were used for

the determination of the amount of soluble dextrins and for the

determination of their average chain length by the various meth-

ods.

Dow Chemical Co., Midland, Michigan.

Chemical Process Co., San Francisco, California.



Determination of the Soluble Starch Fraction in Bread

To determine the amount of soluble dextrin, the contents of

the test tube was thawed rapidly in a boiling water bath. After

cooling, 20 ml aliquot s were taken to which 100 ml of 95 oer

cent ethyl alcohol was added. The flasks were stored in the re-

frigerator overnight and the contents filtered through a tared

Gooch crucible. The precipitate was washed with 10 ml of 80 per

cent ethyl alcohol, dried at 130° C. for two hours, and weighed

(6).

Determination of the Average Chain Length
of the Dextrins

The average chain length of soluble dextrins present in the

crumb of the breads obtained with the various enzyme supple-

ments was determined in aliquots of the above described aqueous

dextrin solutions. Three different methods were used for these

determinations

:

1. Periodate method (1).

2. Perricyanide method (2).

3. Coloriraetric ferricyanide method (40).

Periodate I othod . This method was carried out as follows:

To a 20 ml aliquot of the aqueous dextrin solution was added 20

ml of 0.25 sodium metaperiodate. This solution was diluted to

50 ml with water and 3tored at 5-6° C. in the dark. Concurrent-

ly, a "blank" was analyzed under the same conditions. Aliquots
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(5 ml) were removed at suitable intervals. To free the solu-

tions from the remaining metaperiodate, 0.5 ml of ethylene gly-

col was added, and the reaction allowed to oroceed in dim light

during 10 minutes. An excess of ootassiura iodide (5 ml of 10

oer cent solution) was added, followed by a slight excess of

0.01 N sodium thiosulfate. The excess of sodium thiosulfate

was then back-titrated with 0.01 N iodine, using starch as in-

dicator. A micro-burette was used in this titration. Along

with the samples and the blank, a standard solution of glucose

was subjected to the same treatment.

Ferricyanlde Method . Analyses were performed both before

and after hydrolysis of the dextrin solutions with 1 N sulfuric

acid. In this method, a 5 ml aliquot of the dextrin solution

was pipetted into a test tube of about 50 ml capacity. Ten ml

of 0.1 I alkaline ferricyanide solution was added, m'xed by

swirling, and the test tube immersed in a vigorously boiling

water bath for exactly 20 minutes, maintaining the liquid in the

tube 3-4 cm below the surface of the boiling water. The test

tube and contents was cooled immediately under running water,

and transferred to a 125 ml Erlenmeyer flask. The test tube was

rinsed out twice with a total of 25 ml of acetic acid-salt solu-

tion, and the rinsings added to the solution in the ^rlenmeyer

flask. One ml of soluble starch-potassium iodide solution was

added to the flask and the contents titrated with 0.1 N thio-

sulfate to the complete dis aopearanee of the blue color. Along

with the samples, blanks and standard solutions of glucose were

submitted to the same treatment.
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Colorimetric Ferricyanlde Method . In this method, 1 or 2

ml aliquots of solution containing from 5 to 25 mg of dextrins

were pipetted into test tubes. One-half ml of an 0.8 ner cent

solution of potassium ferricyanide and water, if necessary, was

added to each tube to bring the total volume to 2.5 ml. One-half

ml of carbonate-cyanide solution was added, the contents mixed,

and immediately heated in a boiling water bath for exactly eight

minutes. The tubes were then cooled, 5 ml of ferric sulfate-gum

ghatti solution added, the contents mixed, and allowed to 3tand

for five minutes. Two ml of water was then added to dilute the

volume to 10 ml. Blanks and standard solutions of glucose and

maltose were prepared in the same way, and the optical density

measured at 520 m)A in a Coleman Universal spectrophotometer.

The standard curves are presented in the Appendix, Fig. 3.

The chain lengths of the dextrins was calculated from the

reducing values before and after hydrolysis with 1 I sulfuric

acid in terms of anhydroglucose residues.

Determination of Reducing Matter
in Bread Crumb Extracts

The possible presence of reducing matter other than reduc-

ing carbohydrates in the bread extract required that a separate

determination of reducing matter be made. For this purpose the

iodometric retrod of Freillc 1-
1 (15) was used. In this method,

the reducing matter in 5 ml of bread extract was allowed to re-

act with 10 ml of 0.01 I iodine solution containing 0.24 gm of
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potassium iodide. The amount of iodine reacting was determined

by immediate back-titration with 0.01 N sodium thiosulfate.

Estimation of Maltose and Glucose in Bread Crurr-b

Maltose and glucose in the bread crumb were estimated by

chromatographic analysis. The descending development was used

to separate the mixture of sugars (34). A constant volume (4.8

ttl) of sugar solution was spotted with a micro pipette on 4
n x

22" V.natman No. 1 filter paper strips. The amount of sugar on

each spot varied from 150 to 280 jig. After the spots had dried,

the strips were suspended from glass solvent troughs placed in

a tall chromatographic jar with the bottom covered by developing

solvent. The glass plate used to cover the jar had holes for the

introduction of the developing solvent. The developing solvent

was a mixture of 1-propanol, ethanol, and water, in the propor-

tion 7:1:2 (18). The chromatograms were developed for 40 hours.

On each paper strip, four spots of sugar were placed three-

fourths of an inch apart. Three of the spots were from bread

extracts and the other from the known sugar composite. After

the strips had been developed and dried, they were cut length-

ways in the middle. The half containing the known composite was

sprayed with aniline-diphenylamine (9) for identification.

The nosition of the sugars on the paper strip having been

determined, the quantitative determination of the same was made

by the method established by Dubois et al (14). The other half

of each oaper strip was cut into pieces separating the maltose
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and dextrose identified by the spray reagent. These pieces were

then cut into two parts to separate the sugars coming from the

two spots. Each of these duplicates was then extracted with 25

ml of water, and the extract filtered through glasswool. Two

5 ml aliauots were taken, mixed with 0.3 ml of 80 oer cent aque-

ous phenol and 12.5 ml of concentrated sulfuric acid. After let-

ting the color develop for at least 30 minutes, the optical den-

sity was determined at 490 mu in a Coleman Universal spectro-

photometer. The optical density was referred to a standard curve

established in a similar way from known concentrations of the

sugars. The standard curves for maltose and glucose are present-

ed in the Appendix, Fig. 4.

RESULTS

Increasing amounts of each of the different types of alpha-

amylase tended to increase the loaf volume of the bread. This

increase was higher with cereal and fungal than with bacterial

alpha-amylase. Grain and texture scores for each of the alpha-

amylase types increased with the lower levels and decreased with

higher amounts of enzyme, as shown in Table 1. The greater ef-

ficiency of the bacterial alpha-amylase caused by its thermosta-

bility is evident from these data.
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Table 1. Effect of alpha-amylase type and concentration on the
characteristics of bread.

Alpha- :

: amylase
: SKB units
- (46)

Loaf
. volume

cc

Crumb Scores

Enzyme ; Grain :

%

Texture
i

Control
Malted wheat flour
Malted wheat flour
Malted wheat flour

I* one
140
560
1120

2450
2787
3000
2862

75
90
85
80

75
90
90
85

Control
Fungal
Fungal
Fungal

None
140
560

1120

2450
2750
2900
2950

75
95
85
80

75
95
85
80

Control
Bacterial
Bacterial
Bacterial

None
7

35
140

2450
2600
2600
2637

75
90
90
75

75
90
80
60

The amount of soluble dextrins extracted from the bread

crumb increased with increasing amounts of alpha-amylase. This

increase was small with the fungal, more pronounced with the cer-

eal, and much greater with the bacterial alpha-amylase. The av-

erage chain length of the dextrins extracted also increased with

the increased amount of alpha-amylase. This increase in average

chain length showed the same trend as the increase in amount of

dextrins extracted, being small with fungal, medium with cereal,

and large with bacterial alpha-anylase supplementation. The fer-

ricyanide and the colorimetric ferricyanide method gave compar-

able results for the average chain length, while the oeriodate

method gave results which were considerably higher than those

obtained by the other methods (Table 2).
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Table 2. Effect of alpha- lase tyoe and concent,rat ion on the
quantity of soluble dextrins and their average chain
lengths.

.Alpha- i

a
•

•
* Average chain length i in glucose

[amylase
:SKB units

Soluble :

idextrins:
units

Enzyme Perio- :Ferri Color-
: (46) I i : date (1) .cyanide (2): ime tric (40)

Control "iVone 1.5 7 1.4 1.5
MUF 1 140 2.2 10 1.9 2.3

1 P 560 3.1 12 1.9 3.3

HV 1120 3.7 13 2.2 3.1

Control None 1.5 7 1.4 1.5
Fungal 140 1.9 9 1.4 1.6

Fungal 560 2.1 10 1.6 1.6

Fungal 1120 1.9 9 1.6 1.9

Control None 1.5 7 1.4 1.5
Bacterial 7 2.8 13 2.2 3.1
Bacterial 35 5.7 29 4.6 6.7
Bacterial 140 10.6 52 6.2 7.1

Malted wheat flour.

Glucose and maltose concentration * expected to vary

with different alpha -amylase supplements since these sugar r re-

sult from amylolysis. The concentration of hhese sugars in-

creased with increasing alpha-amylase. The increase of glucose

was about the same when the cereal and fungal supplements ^-ere

employed. The increase Hltfe the sane concentrations of bacter-

ial enryme was much more pronounced. The increase in maltose

: less pronounced with fungal than with bacterial or cereal

alpha-amylase sup-elements. Bill is shown in Plate I and by the

data included in the Appendix (Table 3).



EXPLANATION OF PLATE I

Pig. 1. The relationship between glucose in bread crumb and
alpha-amylase concentration.

Fig. 2. The relationship between maltose in bread crumb and
alpha-amylase concentration.
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DISCUSSION

During the fermentation of the bread dough, the alpha- and

beta-amylases hydrolyze the small amount of starch made avail-

able for enzyme attack by damaging of the starch granules during

the milling of the wheat. The bulk of the starch is not avail-

able for amylase attack during the fermentation. Since beta-

amylase is usually present in excess (17), the quantity of starch

hydrolyzed during fermentation defends primarily on the alpha-

amylase present.

As baking of the bread proceeds, the increase in dough tem-

perature brings about gelatinization of the starch and inacti-

vation of the beta-amylase. The swollen starch is rapidly at-

tacked by the alpha-amylase. At the same time, the heat tends

to inactivate the enzymes. At the beginning, the increase in

the rate of amylase activity is faster than the heat inactiva-

tion of the amylases. Therefore, at this stage of the breadbak-

ing process, a considerable portion of the starch may undergo

amylolysis. The quantity and also the source of the alpha-amy-

lase influences the extent of starch hydrolysis during baking

(38). The differential activity of the various alpha-amylases

primarily is due to the difference in their thermostability.

The bacterial alpha-amylase Is more thermostable than cereal or

fungal alpha-amylase. Bacterial amylase, therefore, acts for a

longer tine on the gelatinized starch during the breadbaking

process. Therefore, it was to be expected that the bread sup-
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plemented with bacterial would show a more extensive starch hy-

drolysis than that containing cereal amylase. Bread suoole-

mented with fungal alpha-arrrrlase would be exoected to show a

still smaller extent of starch hydrolysis. The least amount of

hydrolysis was exoected in the control which did not have any

alpha-amylase added. These expectations are corroborated by

data obtained in the present study (Table 2). The amount of sol-

uble dextrins extracted from the bread crumb increased with the

increase in quantity of alpha-amylase supplement. The fungal

alpha-amylase increased the soluble dextrins very little because

it was inactivated before much of the starch became gelatinized

and available to enzyme attack. The amount of soluble dextrins

was increased significantly by the bacterial alpha-amylase which

which was active for a relatively long period of time after the

starch became gelatinized. The cereal aloha-amylase, as ex-

pected, caused a medium increase in the amount of soluble dex-

trins.

In addition to the increase in amount of soluble dextrins

with increasing alpha-amylase, the average chain length also in-

creased (Table 2). This is understandable because the alpha-

amylase, in contrast to the beta-amylase, splits the starch mol-

ecule in several relatively large fragments. Part of the dex-

trins formed are water soluble and can be extracted from the

bread crumb. Extensive modification of the starch granules by

enzyme action causes the average chain length of water soluble

dextrins to be greater. The data in Table 2 were obtained in

replicate experiments.
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In the present data, the average chain length of the dex-

trins was not as long as that found by Killer et al (38). It

was suspected that this night be due to the differences in the

methods employed to extract the soluble dextrins or to the pres-

ence of non-carbohydrate reducing matter. If the water extract

of dextrins contained a relatively large amount of reducing com-

pounds other than reducing carbohydrates, the initial reducing

power would be high and thus the calculated average chain length

would be low. A measurement of the reducing matter present in

the water extracts of the dextrins by an iodine titration method

(15), however, showed that the amount of reducing matter was neg-

ligible.

The high initial reducing power of the extracts may be duo

to the incomplete removal of reducing sugars from the bread

crumb by the alcohol extraction procedure. If this were true,

the calculated average chain lengths would be low. This, coup-

led with the mild extraction procedure used to obtain the water

soluble dextrins compared to the drastic procedure used by Mil-

ler et al (38), would account for the lower calculated average

chain lengths In this study. Nevertheless, the trends exhib-

ited by the present data confirm those of Killer et al (38).

It has been shown that the action of beta-amylase on starch

produces only maltose, but hydrolysis with alpha-amylase pro-

duces glucose, maltose, and higher molecular weight sugars (41).

It also has been shown that there is a linear relationship be-

tween sugar added to the dough and the residual sugar in the

crumb (18). Similarly, a relationship might be expected between
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the sugar produced during fermentation and baking, and the res-

idual sugar of the bread crumb. Figure 1 indicates that an in-

crease in the glucose content of the crumb was obtained with in-

creased alpha-amylase. The increase in maltose was less with

the fungal sxipplement because of the heat inaetivatior, of the

alpha-amylase early in the baking process.

The alpha-amylase s modify the gel properties of the starch

made available by the gelatinize tion, thus increasing the gas re-

tention. The increased gas retention tended to increase the loaf

volumes (Table 1). This modification varies with type and con-

centration of the amylase.

Modification of the grain and texture of the bread apparent-

ly is associated with the changes in the starch as a result of

amylolysis by alpha-amylase. A small extent of starch modifica-

tion would appear to change the gel structure sufficiently to

permit its flow with greater ease. This presumably would cause

the grain to be fine and the texture soft and resilient. More

extensive modification would result in an open grain and exces-

sively soft texture that lacks body. If amylolysis is carried

still farther, the starch gel will not assume a rigid state.

Much of the starch then would be in a "soluble state," and be

subject to extraction by water. The bread crumb might be sticky

if the amylolysis is extensive. The quantity of soluble dex-

trins in such bread crumb would be large.

Bacterial amylase tended to produce a somewhat sticky and

gummy bread crumb and shows little promise as a diastatic sup-

plement. This might be attributed to the severe modification of
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the starch due to the orolonged action of the highly thermosta-

ble bacterial alpha-amylase.

CONCLUSIONS

The following conclusions nay be drawn from the present

study:

1. The bread loaf volume increased more with cereal and

fungal than with bacterial alpha-amylase.

2. Grain and texture of the bread improved up to a maximum

for each of the alpha-amylase types and then deteriorated with

further increases in the alpha-amylase concentration. Effect of

the alpha-amylase on the bread quality varied according to the

source of the enzyme.

3. Bacterial alpha-amylase supplement tended to produce a

sticky and gummy bread crumb.

4. Increased solubilization of the starch was observed

with increasing amounts of each of the alpha-amylase types.

5. The average chain length of the dextrins extracted in-

creased with increasing amounts of alpha-amylase.

6. The increase In average chain length of the dextrins

was small with fungal, medium with cereal, and large with bac-

terial alpha-amylase supplementation.

7. The residual content of glucose in the bread crumb in-

creased to a greater extent with bacterial than it did with cer-

eal or fungal aloha-amylase.

8. The residual content of maltose in the bread crumb was
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less with fungal than it was with bacterial or cereal alpha-amy-

lase.

9. The differences in effect produced by the three types

of alpha-amylase orimarily are due to the differences in their

thermostability.
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Table 3. Effect of alpha-amylase type and concentration on

amounts of sugar in bread crumb.

Itazyme

Al-oha-
: amylase .Glucose Maltose Sum

SKB
units (46)

mg/gm bread crumb

Control
Malted wheat
Malted wheat
Malted wheat

flour
flour
flour

None
140
560

1120

4.0
6.1
8.1
11.1

1.1
4.0
6.5
7.0

5.1
10.1
14.6
1B.1

Control
Fungal
Fungal
Fungal

None
140
560

1120

4.0
6.4
8.4

10.4

1.1
1.9
1.9
1.9

5.1
8.3
10.5
12.3

Control
Bacterial
Bacteria]
Bacterial

None
7

58
140

4.0

5.9
11.2

1.1

1.0
4.9

5.1

6.9
16.1
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The purpose of this study was to characterize the carbohy-

drate material of bread which is modified during baking by differ-

ent types and concentrations of alpha-amylase supplements and to

relate these data to the characteristics of the bread crumb. The

bread characteristics studied included concentration of maltose

and glucose, and quantity and average chain length of the soluble

dextrins. Fungal, cereal, and bacterial alpha-amylase s were used

to modify the carbohydrates in bread.

Breads were baked with three different levels of each of the

alpha-amylase types. In addition, a control wi thout alpha-amylase

was included. One hour after baking, the sugars were extracted

from oortions of the bread crumb by refluxing with ethyl alcohol.

The extract was separated from the insoluble material by centri-

fuging. After concentration of the sugars by removal of the al-

cohol, followed by de-ionization, the sugars were resolved on

paoer chromatograms. The carbohydrate residue of the alcohol ex-

traction was extracted with water at 30° C, centrifuged, and

used for the determination of the amount of soluble dextrins and

their average chain length. Three methods were used to deter-

mine chain length of the water soluble dextrins. These included:

periodate oxidation, ferrlcyanide reduction, and colorimetric

ferricyanide methods. The quantity of water soluble dextrins

was determined gravimetrically after precipitation of the dex-

trins with 80 oer cent ethyl alcohol.

The loaf volume increased with increasing concentrations of

alpha-amylase. The increases were greater with cereal and fungal

than with bacterial amylase. The bread grain and texture scores



were improved by small amounts of alpha-amylase but high concen-

trations were detrimental. A high concentration of bacterial

amylase was particularly detrimental since it tended to produce

a sticky and gummy bread crumb. Sticky bread crumb was attribut-

ed to the severe modification of the starch and formation of the

dextrins.

Increasing amounts of alpha-amylase caused an increase in

the amount of extrac table dextrins. The increase was small with

fungal, larger with cereal, and largest with bacterial amylase.

The average chain length of the soluble dextrins also increased

with increasing concentrations of amylase. The ferricyanide, and

the colorimetric ferricyanide method gave results which were com-

parable with each other but which did not agree with those ob-

tained by the periodate method. The reasons for this are not

clear. The residual glucose content was higher in bread crumb

produced with bacterial than in that produced with cereal or fung-

al alpha-amylase. The fungal rmylase increased the maltose con-

tent in the bread crumb less than did bacterial or cereal amylase.

The differences in effects produced by three types of alpha-amy-

lase primarily are attributed to differences in thermostability.


