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INTRODUCTION

Bread staling is an economic problem whose solution should benefit
both the consumer and the producer. In 1969, more than 14 billion lbs.
of bread were produced in the United States. It was reported that stale
returns to the bakery average 8% of the bread produced. Based on the
above figure, over 110 million 1lbs. per year of bread can not be
economically sold because of staling (1).

Bread staling is a complex physiochemical phenomena. One of the
changes that occur in bread with age is that the proportion of soluble
starch in the crumb is reduced (2). There is little direct information
concerning the structure of water soluble starch isolated from bread.
Therefore, it was felt that in order to understand more about bread
staling, one should obtain more information concerning the soluble starch
in bread.

It was the purpose cf this study to determine the amount of soluble
starch, what are its components, what is the chemical structure of the
starch component and what is the effect of shortening and surfactants on

the physical and chemical properties of soluble starch.

LITERATURE REVIEW

BREAD STALING
Staling is a considerablie eccnomic problem encountered in the baking
industry. The higher the moisture content of the baked product in its

initial fresh state, the more pronounced are the changes which occur



upon staling. Therefore, staling is a more serious problem in products
such as bread than it is in cookies and crackers,

Staling has been defined as a "term which indicates decreasing con-
sumer acceptance of bakery products caused by changes other than micro-
biological spoilage" (3). Bread staling includes both crust and crumb
staling. The crust, which in its fresh state is relatively dry and
crisp, becomes soft and leathery upon staling. The principal reaction
which occurs in crust staling is the transfer of moisture from the interior
of the loaf to the crust (4).

The crumb staling is a complex physiochemical phenomena. The most
obvious and important attribute of crumb staling is the crumb firming
(4). The theories of bread crumb staling started from the general belief
that it was due to an overall loss of moisture. As early as 1852,
Boussingault (5) had demonstrated that staling was not due to loss of
of moisture.

In a study of changes in the starch and gluten during aging, it was
shown that during storage of the isolated components there is a progressive
drop in the moisture absorpcion capacicy of pregelatinized starch and no
changes in gluten on exposure to 97-987% relative humidity (6, 7). On the
basis of these results, it was concluded that a transfer of moisture from
the starch to the gluten in the crumb occurs during staling. However,
Breaden and Willhoft believed in migration of moisture from gluten to

starch, thus relating staling to stiffening of the gluten (8).



ROLE OF STARCH IN STALING

Numerous studies to determine the cause of bread staling have indi-
cated that changes in the starch component are of major importance. To
confirm the role of starch in staling, Cornford et al (9), studied the
relationships between elastic modules and time and temperature on bread
crumb. They concluded that crystallizatiom of starch was the principal
factor involved in crumb firmness. 3Similar results were found by Axford
(10) and Mciver (11). Katz (12) used a X-ray diffraction technique to
study bread staling and observed that fresh crumb gave a sc-called
V-pattern, which indicates that the starch is in an amorphous form.

Upon staling, the X-ray spectrum tends to revert to the B-=patterns which
is typical of starch in its crystalline state. He applied the temm
"retrogradation" to the return of crvstallinity of starch in staled
bread.

This concept of how crystallinity contributes to the firming of starch
gels and bread crumb is supported by experiments using cross-linked starch.
Bread made from reconstituted flour in which part of the starch was replaced
by chemically cross~linked starch had a firmer crumb than did control loaves
containing no cross-linked starch (13, 14).

The most widely accepted explanation of the staling phenomenon to data
was presented by Schoch (15). According to him, the wheat starch in dough
undergoes limited swelling during baking,2XDPelling the more soluble amylose
component intc the surrounding water. As swelling continues, this amylose
solution becomes so concentrated that after the lecaf is cooled a rigit gel

develops. Therefore, in fresh bread swollen starch granules ars embedded



in a firm gel of the linear amylose fraction. As the retrograded linear
starch molecules are immobilized in the insoluble gel network, they do not
undergo further changes on subsequent storage. Schoch, therefore,
attributes the firming of the crumb structure during staling to physical
changes in the branched, or amylopectin fraction, within the swollen
granules., Zobel (16) reported that when heated at 95°C. under moist
conditions the X-ray pattern of stale bread reverts to that of freshly-
baked bread. He concluded that the amylopectin fraction of starch
undergoes change during bread staling because only a retrograded amylo-

pectin gel can be reversed by theose conditions.

ROLE OF SOLUBLE STARCH IN STALING

Appreciable amount of starch in fresh bread is soluble and can be
extracted from the crumb by cold water (2). The so-called soluble starch
of bread consists of both starch and a pentosan fractiom (17). It was
reported (17) that the building units of water soluble polysaccharide in
fresh bread are primarily glucose, arabinose, and xylose in the mole
ratio of 5:1:1, and after 5 days the mole ratio has changed to 3,3:2:1,
indicating that the amount of pentose containing polysaccharide has
increased (17). During staling, the soluble starch content progressively
decreases. This change in soluble starch has been used to estimate the
extent of staling (12).

Schoch and French (2) reported that the water soluble starch extracted
from fresh bread was mainly amylopectin, suggesting that staling of bread
is a spontaneous aggregation of the branched fraction and that the linear
fraction has no influence on staling, because it was already retrograded.

It was also reported that (18, 19) the amount of amylose in the extracted



soluble starch was very small and contributed to staling primarily during
the first day of storage. The amount of soluble starch from fresh bread
was greater and had lower iodine affinities than the solubles from 507%
starch pastes, probably due to the influence of other bread constituents
(2). Little information is available in the literature concerning the

structure of water soluble starch from bread.

EFFECT OF SURFACTANTS ON BREAD STALING

Today the use of surfactant is the most effective means of retarding
bread staling. In spite of the extensive use of surfactant in bread
production, explanation of their effect as antistaling agentsis still
elusive. Early workers postulated that during baking, surfactants adhere
to the surface of the starch, and prevent aﬁylose from leaching out, thus
retarding staling (20-25). It was reported (25) that monoglyceride and
shortenings produce softer bread by keeping the soluble starch within the
granules and by deereasing the gelatinization of the starch thereby
allowing an increase in the moisture available for the hydration of
gluten.

Coppock (26) discussed several theories of monoglyceride action in
bread making: 1) dispersion of fat through the dough; 2) retention of
soluble starch in the granules; 3) retardation of gelatinization; 4)
supplying more moisture =c the gluten; and 3) retention of moisture
initially by gluten. It was reported that (26) stale bread containing no
added emulsifier will freshen upon heating at a more rapid rate than will
bread of the same age containing added emulsifier. 0Osman and Dix (27)
demonstrated that surface active agents can dramatically influence maximum

viscosity temperature and gel strength of sctarch.



Many workers (27-30) have studied the complexing ability of amylose
with surfactants and attempted to find a relationship between amylose
complex formation and the surfactants effect on staling of bread. Schoch
(15) postulated that when a surfactant enters the starch granules it
immediately complexes with amylose forming a helix. Mikus et al. (28)
observed that the surfactant complex with amylose resembled the complex
of iodine and amylose. The crystalline amylose surfactant complex (31, 32),
investigated by X-ray diffraction, confirmed complex formation between
amylose and surfactant. In this respect, Osman et al. {(29) found no
apparent relationship between complex formation with the amylose and anti-
firming effects on the bread crumb. DeStefanis et al. (33) demonstrated
that surfactants form a complex during baking not only with amylose but
also with amylopectin.

Krog (34) showed that monoglvcerides were the best complexing agents
with amylose. He also demonstrated that the ionic surfactants sodium and
calcium stearyl 2 - lactylate (SSL and CSL) are good complexing agents.
According to Knightly (35), saturated monoesters generally produce bhetter
results than do unsaturated ones.

In addition to their role in staling, some surfactants have been found
to promote compatibility between soy or other proteins and wheat flour
proteins (36, 37). It has been reported that SSL enhanced the quality of
bread, especially when a foreign flour was introduced in the bread svstem
(37-39). SSL imparts stremgth to the dough giving it tolerance to with-
stand production and ingredient variations. It binds with the gluten and
make it more extensible and stronger and forms complexes with starch that retard

gelatinization during baking and slows retrogradation after bakiag (40).



COMPOSITION AND STRUCTURE OF WATER-SOLUBLE PENTOSAN

The nonstarchy polysaccharides in water extracts of wheat flour are
composed of arabinose, xylose and galactose. The water soluble poly-
saccharide complexes (crude pentosan) of flour have been separated into
pentosan~-rich and hexosan-rich fraction by acetylation and fractional
precipitation (41). The pentosan fraction was composed of L-arabinose
and D-xylose residues, and the hexosan-rich component appeared to consist
of soluble starch or dextrins, and a galactan or pentose-galactan (41).

In a further study Perlin (42) proposed a basic repeating unit for the
soluble pentosan by using graded acid hydrolysis, methylation and
periodate oxidation; the repeating unit involved a straight chain of

3-D xylose residues (41-44) to which ares appended single units of anhydro
L - arabinofuranose through 1,2 and 1,3 linkages, making it a highly-
branched structure.

The structure of the water soluble pentosans has been subsequently
studied by other workers (43, 44) and the results generally support Perlin's
work (41, 42). Water soluble pentosans have been fractionated on DEAE-
cellulose columns by diffarent workers (45-48). Kuendig et al. (46)
reported that one of the five fractions obtained was an arabinoxylan, free
of galactose and protein. This fraction corresponded to the pentosan
reported by Perlin (41, 42). The other 4 fractions were more complicated
and contained various amounts of protein, arabinose, xylose, and galactose
and were fouﬁd to be glycoproteins by Neukom et al. (49).

Neukom et al. (49) studied the structure of fraction 2 from DEAE
cellulose by using the proteolytic enzyme pronase to digest this fracticn.

They obtained two fractions, one an alcohol-insoluble arabinoxylan containing



some residual pretein but no galactose, the second being an alcohol-
soluble, nondialyzable arabinogalactan containing some protein but no
xylose. The results indicated that galactose was not linked directly
to the xylan chain but rather occurs as an arabinogalactan which very
likely was connected via a polypeptide bridge tec arabinose in the
arabinoxylan. It was suggested that at least three different types of
carbohydrate-protein linkages could occur between carbohydrate residues
and amino acid residues in the protein (530, 531). Fincher et al. (52)
studied the structure of arabinogalactan-peptide by partial degradation
with oxalic acid and NaCOH. They observed that the linkage between
polysaccharide and peptide invelves galactose and hvdroxyproline residues
and is glycosidic in nature.

Water-soluble pentosan was fractionated on sepharose-4B colummns by
Fincher and Stome (53). The elution profile indicated the presence of a
high molecular weight compound with an apparent molecular weight in the
range 7 X ]_O4 to lO6 and a low molecular weight polysaccharide with
molecular weight less than 7 X lOa. Fractional precipitation with
ammonium sulphate followed by gel filtration on sepharose-4B indicated
that the precipitate was arabinoxylan and the soluble component in
ammonium sulphate was a arabinogalactan fraction, the latter being
associated with a hydroxy proline-rich peptide.

There is little information in the literature concerning the pentosans
found in bread. Gilles et al. (17) studied the water-soluble poly-
saccharides derived from bread crumb and reported that the pentosan in

the water-soluble polysaccharide of bread crumb possesses a highly branched



structure that was structurally similar to the pentosan in the original

flour.

EFFECT OF WATER-SOLUBLE PENTOSANS ON BREAD QUALITY

Water-soluble and water-insoluble pentosans are extremely hydrophilic.
Kulp (54) demonstrated the hydrophilic nature of pentosan fraction by
farinograms. He reported that pentosans increased the water absorption
of flour and produced doughs which were stiffer and drier than normal
doughs. Pentosan added to the dough also increased dough development
time and the viscosity of the dough.

Finney (55) first demonstrated the importance of the water-soluble
components of flour in the bread-baking performance of flour. Pence {(36)
reported that soluble pentosan had little effect on the baking performance
of doughs reconstituted without the soluble fraction of flour, but the
handling properties of dough were distinctly improved. It was reported
that the carbohydrate rather than protein components of pentosan preparaticn
affected bread making quality (56-538). Lin and Pomeranz (39) reported that
crude pentosan were more effective in improving loaf volume and crust color
than purified pentosans. Hoseney et al. {38) found that the water-soluble
fraction of flour was required to produce a normal loaf of bread and was not
responsible for the loaf velume difference between good and poor quality
wheat variecties.

D*Appolonia et al., (60) in their baking study of purified pentosans,
fractionated by DEAE-cellulose chromatography, reported that fractions 1 and
2 which contained arabinose, xylose, and small amounts of protein, did not en-

hance bread loaf volume of starch-gluten loaves. However, fractions 3, 4, and 3
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which contained the above sugars and galactose, as well as greater

amount of proteins, showed a marked improving effect on loaf volume,

EFFECT OF PENTOSAN ON BREAD STALING RATE

Pentosans have been reported to decrease the retrogradation of starch
gels upon aging (18), and the =ffect exerted by the water-insoluble
pentosans was more pronounced as opposed to water-soluble pentosans.
The water-soluble pentosans slowed the rate of retrogradation by affecting
the amylopectin fraction, while the water-insoluble pentosans retarded the
rate of retrogradation by affecting both amylose and amylopectin. Similar
results were obtained when the effect of pentosans on bread staling
rate was investigated. Kinetic studies showed that pentosans decrease the
amount of starch component available for crystallization, thus decreasing

the bread staling rate (19).

STRUCTURE OF STARCH

Starch is a natural high polymer, built up through successive conden~
sation of glucose units by enzymic process in the plant. Most starches
consist of a mixture of two types of polvmers, namely amylose and amylo-
pectin, which are present in varying amounts. The amvlose component
considered to be entirely made of a- (1,4) linkages and therefore lacks
any fine structure (61l). However, further investigation indicated the
presence of very small proportion of (1,58) =2-D glucosidic linkages {62-63).
Amylopectin is the branched fraction and contains (1,6) linkages at the

branch points, in addition to the (1,4} linkages contained in the amyvlose.
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ENZYMES INVOLVED IN STARCH ANALYSIS

The availability of enzymes with known specificity has greatly
facilitated the study of the structure of amylose and amylopectin,
besides application to the analysis of unknown polysaccharides (66).
Hydrolytic enzymes are the most useful class of enzymes in analysis of
polysaccharide structure, and will be reviewed.

B-amylase 1s an exo-acting enzvme that split altermate (1,4) bonds
in amylaceous polysaccharides to yield Z2-maltose. It can not split
(1,6)-bonds and therefore acts only ca the outer chains of amylopectin.
Side chains are trimmed to leave (1,6)-a=-D linked maltosyl or maltotriosyl
groups, depending on whether the outer chains contain even or odd number
of D-glucose residues (67, 68).

Phosphorvlase is an exc-acting enzyme that release a-D-glucose
residues from the nonreducing end as o-D-glucosyl phosphate. The
specificity of the enzyme is such that, on reaching the limit of
hydrolysis, four D-glucose residues are left on both the A-chains and
outer B-chains (69). The dextrin prepared by the action of phosphorvlase
is called a §-limit dextrin. When phosphorylase and 3-amylase are used
in succession, a P, B3-dextrin is obtained which will have all A-chains
and outer B-chain with two glucose residues in length (69).

Glucoamylase is a microbial enzyme which hydrolyzes amylaceous poly-
saccharides and derived oligosaccharides almost completely to D-glucose
in a stepwise fashion from the non-reducing chain ends (70), The enzyme
has the ability to cleave both (1,4) and 1,6) -a-D-glucosidic bonds in

these polysaccharides. In addition the enzyme can break (1,3) a=D-glucosidic
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linkages in oligosaccharides (71). Presence of at least onme impurity,
alpha amylase, in glucoamylase preparation is necessary for quantitative
determination of amylaceous pelymers (72).
Debranching enzymes or enzymes that specifically hydrolyze the
(1, 6)-a-D-glucosidic inter—chain linkages, have a great deal of importance
in the analysis of polysaccharides. Two similar enzymes in this group
are pullulanase and R-enzymes. Pullulanase was first reported by Bender
and Wallenfels as an extracellular enzvme of Aerobacter aerogenes (73, 74).
The enzyme was found to be closely similar to the already known R-enzyme
from plant (75, 77, 78). R-enzyme debranches amylopectin incompletely,
but act on amylopectin B-dextrin more efficiently (77). Pullulanase,
however, completely debranches amylopectin and amylopectin B-limit
dextrins (75). Both enzymes have little or no action on glycogen (753,76,79).
Iscamylase is a debranching enzyme which is even more specific.
However it completely debranches glycogen, amylopectin and phosphorylase
limit-dextrins of the polysaccharides, it has a limited action on R-limit
dextrins of glycogen and amylopectin (80). This is because cytophage
isoamylase will not hydrolyze (1,6) bonds bonded to o-maltosyl residues
(80). Another specificity of isocamylase is that it can hydrolyze (1,6)-
a-D glucosidic linkages which are at a true branch point, that is, to
primary hydroxyl group of a-D-glucose residues linked through both C-1
and C-4 (66). Thus, the enzyme has no action on the linear polysaccharide

pullulan.

USE OF ENZYMES IN STRUCTURAL ANALYSIS OF STARCH

In the period before it became possible to explore the fine structures

of glycogen and amylopectin with enzymes, three structures were proposed by
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Haworth and coworkers (81), Staudinger and Husemann (82) and Meyer and
coworkers (83, 84). Their structures differed only in the way in which
the unit chains were arranged. The application of debranching enzymes
made it possible to distinguish between the alternatives. The regularly
rebranched structure proposed by Meyer (83, 84) was the only one of the
existing proposals that could explain rhe results with debranching
enzyme experiments on glycogen and amylopectin.

The enzymic investigations were basicallyv concerned with determining
the ratio of A to B-chain (76). A-chains are those chains in amylopectin
which are unbranched while B-chains are those chains to which another
chain is attached by an o~(1l,6) linkage. Every molecule is supposed to
contain a single C-chain, unsubstituted at its reducing end (853). The
enzymatic analysis gave A:B chain ratios of about unitv (85) fitting the
Meyer model. However, the arrangement of A- and B-chains were still not
clear.

By using the debranching enzyme, iscamvlase, further information on
the arrangement of A- and B-chains was obtained {(80). The {-beta dextrins of
polysaccharides were prepared by exhaustive treatment with rabbit-muscle
phosphorylase, followed by p-amylase (69), converting all the A=chains
of amyleopectin and glycogen into maltosyl residues (63). On successive
treatments of this @, 3-limir dextrin with cytophage iscamylase and
B-amylase, glycogen yield 44% maltose and amylopectin yield 29% maltose.
It is obvious that, if all B-chain carry A-chains, as required in the
structure of Meyer and coworkers (83, 84) and if all of the chains extend
to the periphery of the molecule, debranching of the @-beta dextrins should

result in a series of maltosyl terminated oligosaccharide, and nothing
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else, which would be resistant to the acticn of B-amylase. Therefore a
new arrangement of A- and B-chain was proposed by Whelan and coworkers
(85). In this structure half of the B-chains carry A-chains, and
furthermore, that some B-chains do not reach the surface of the molecule.

An important characterizing feature of the branched polymers glycogen
and amylopectin is their average unit-chain length. Enzymatic methods
for determination of average chain length (85, 88) are superior to
chemical methods. Since the unit chains of the polysaccharide are left
intact and the length distribution can be examined by gel filtration (853).
Examination of the unit-chain profile of debranched glvcogen and amylo-
pectin on molecular seives, (89) gave supporting evidence for the

correctness of the model proposed by Whelan and coworkers (85).

MATERIALS AND METHODS

FLOUR SAMPLE

The flour sample used was a composite of several hard red winter wheat
varieties grown at several locaticns in the southern great plains. The
flour had a protein content of 12.3% (N X 5.7), an ash of 0.40, a medium

mixing time and good loaf volume potential.

BREAD SAMPLE
Bread was made using a straight-dough procedure with a 3 hr. fermen-
tation, a 55 min. proof time at 86°F, and a 25-minute bake at 436°F. The

baking formula based on flour weight was as follows:
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Flour (14% m.b.) % 100
Water variable
Sugar 6.0

Salt 1.5

NFDM 4,0
Shortening 3.0

Yeast 2.0

Malt (12 q-amylase units/g) 0.75
Oxidant 20 FPM KBrO

3

Three more bread samples were made by the above procedure and formula
with the exception that one contained no shortening, and in the other
two samples the shortening was replaced by 0.5% SSL or monoglyceride.
Bread after baking was cooled at room temperature and stored in
sealed containers to prevent moisture loss. After 1 and 5 days of

storage, bread crumb was removed and the soluble starch extracted.

ISOLATION OF SOLUBLE STARCH

The soluble starch was isolated from the bread crumb according to the
procedure of Schoch and French (2). A sample (25 gm., on as is basis) was
placed in a centrifuge bottle. Approximarely 100 ml. of distilled
water was added and the mixture was stirred for 1 minute with a
propeller-type stirrer to give a smooth paste. The bottle was placed
in a water bath at 30°C. for 30 minutes, with stirring tc keep the

bread crumb suspended. The mixture was then centrifuged for 5 minutes
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at 2000 RPM and the supernatant decanted. The procedure was repeated
two more times and the filtrate and wash waters were combined and
treated with 3~4 volumes of methanol to floculate the soluble starch,
the mixture was then heated on a steam bath for one hour and allowed to
settle overnight. The precipitate was washed with methanol, dissolved
in water, and freeze-dried. The percentage of solubles was calculated

ot 2 dry bread basis.

MOISTURE DETERMINATION
Moisture was determined in bread samples prior to extraction according

to AACC method 44-15A (90).

PROTEIN DETERMINATION
Protein content (N X 5.7) of soluble starch samples were determined

by the approved AACC method 46-13 (90).

IODINE AFFINITY

To remove traces of fatty materials, the soluble starch samples were
soxhlet-extracted for 24 hours with methanol prior to determining iodine
affinity. Iodine affinities were determined by potentiometric titration
(91) using a Beckman pH meter with a platinum electrode calibrated with
a voltage reference cell. The readings were taken after stabilization

of the electrodes.

DETERMINATION OF TOTAL POLYSACCHARIDE
The total amount of polysaccharide in each sample was determined by
using the phenol-sulphuric acid procedure (92) using a standard curve

prepared from D-glucose.
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DETERMINATION OF GLUCOAMYLASE ACTIVITY

Glucoamylase solutions were diluted to approximately 0.05 units/ml.
with 0.05 M, citrate buffer (pH 4.8). Enzyme activity was assayed by
incubating aliqueots (1 ml.) of the enzyme solution with 3 ml. of 947
soluble starch solution (commercial) for 1 hr. at 30°C. (95). The
reaction was stopped by heating in a boiling water bath to inactivate
the enzvme. The amount of glucose produced was measured by Nelson's
colorimetric copper procedure (94) calibrated against D-glucose. One
unit of enzyme activity is defined as the amount of enzyme required to

release one micromole of glucose per minute under the condition of assay.

DETERMINATION OF TOTAL STARCH

Soluble starch (1 mg./ml.) was pipetted into a test tube containing
10 I.U. glucoamylase (Grade 11, from Rhizopus genus, Sigma Chemical Co.,
St. Louis, Mo.) in 5.0 ml. of 0.05 M citrate buffer (pH 4.3) (93). The
tube was incubated at 37°C. for 60 minutes., One ml of this solution was
taken and reducing power determined by Nelson's colorimetric copper

procedure (94) calibrated against D-glucose.

glucose released x .9

x 100
sample wt.

% Total Starch T =

DETERMINATION OF B-AMYLOLYSIS LIMIT

Soluble starch samples were hydrolyzed by sweet potato 3-amylase
(crystalline, tvpe I-B, Sigma Chemical Co., St. Louis, MO.) according to
Whelan's procedure (96), with the exception that reduced glutathione and

serum albumin were omitted from the digests (66). Twenty mg. of sample was
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incubated with 750 units of sweet potato E-amylase in 5 ml, of 0.02-
0.04 M, acetate buffer, pH 4.8, at 35°C. for 24 hr. The degree of
B-amylolysis was determined by estimating the amount of maltose

liberated, using Nelson's colorimetric copper method (94).

PREPARATION OF PURIFIED WATER-SOLUBLE PENTOSAN

Water soluble pentosan were extracted from soluble starch by a
modification of the Medcalf et al. procedure (48). Freeze dried soluble
starch (1 gm.) were completely dissolved in 50 ml. of distilled water

one day before treatment with alpha-amylase. Bacillus sulitilis alpha

amylase (25 mg., Type 1I-A, Sigma Chemical Co., St. Louis, Mo.) was
dissolved in 50 ml. of 0.02 M., sodium phosphate buffer, pH 7.2, con-
taining 0.04 M sodium chloride (97). The solutions were combined and
dialyzed against diluted (1l:1) phosphate buffer solution for 48 hr. at
room temperature. The enzyme was then denatured by heating at 90°C. for
1 hr. The coagulated protein was removed by centrifugation at 20,000 x g.
for 10 minutes. The supermatant solution was dialyzed against distilled

water for 48 hr. and freeze-dried.

FRACTIONAL PRECIPITATION WITH AMMONIUM SULPHATE

Solutions of soluble starch (2 mg./ml.) were prepared in 0.1 M phosphate
buffer (pH 7.0) and (NH,)_SO, (analytical grade) was added slowly to
s;turation. After stirring for 3 hrs. the solutions were allowed to stand
overnight at 4°C. The precipitated polysaccharide was collected by
filtration on glass fiber paper and washed thoroughly with saturated

(NHa)zsoa in 0.1 M phosphate buffer (pH 7.0). The precipitate was
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) ,S0

47259, - The combined

dissolved in water and dialyzed until free of (NH

supernatant and washings were also dialyzed exhaustively against water (53).

GEL-FILTRATION CHROMATOGRAPHY ON SEPHAROSE 4B

Samples (5-15 mg) were dissolved and loaded onto a column (60 by
2.6 cm) of sepharose 4B (Pharmacia Fine Chemicals, Uppsala, Sweden).
The samples were eluted at a flow rate of approximately 10 ml/hr. with
a solution of 0.01 M phosphate buffer (pH 8.3) containing 0.02% sodium

azide; 4-5> ml. fractions were collected.

GEL-FILTRATION CHROMATOGRAPHY ON SEPHAROSE 6B-CL

Samples (5-15 mg) were chromatographed on a column of sepharose 6B
cross linked (70 x 2.6 cm.). The carbohydrate was eluted with 0,01 M
phosphate buffer, pH 12.0, containing 0.02% sodium azide. TFractions were
automatically collected at 30 minute intervals (6 ml.), total amount of
polysaccharide in each fraction was determined using the phenol-sulphuric

acid procedure (92),

DEBRANCHING WITH PULLULANASE

Pullulanase was tested for amylases activity prior to debranching.
Analysis for amylases activity was by preparing digests containing:
0.2 ml Nutritional Biochemical Co., amylose in DMSO (40 mg/ml),0.7 ml
0.02 M citrate phosphate buffer, pH 5.0 and 0.1 ml pullulanase (10 mg/ml
0.02 M citrate phosphate buifer pH 5.0). The digest was inculated 48-72
hours at 30°C and reducing sugar was measured by Nelson Cclorimetric

Procedure (94).,
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Debranching of soluble starch sample was conducted at 37°C. in
digest containing 2-5 mg./ml. substrate, 3-5 units/ml. pullulanase
(Enterobacter aerogenes, Sigma Chemical Co., St. Louis, Mo., 150 I.U./ml.)
in 0.02 M sodium acetate buffer, pH 5.5. A drop of toluene was added
to each digest to inhibit bacterial growth. After 24 hours incubation,
the digest was heated in boiling water bath to inactivate the enzyme

and insoluble material was removed by filtration (98).

GEL-FILTRATION OF DEBERANCHED SOLUBLE STARCH

5 to 10 mg. of the debranched samples were fractionated on a Bio-gel
P-10 colum (2.6 x 70 cm.) at room temperature (98). Elution was carried
out with 0.01 M phosphate buffer, pH 7.0, containing 0.02% sodium azide
to prevent bacterial gruwth. Six ml. fractions were collected every
30 minutes. Total carbohydrate content in each fraction was measured

bv the phenol=-sulphuric acid method(92).

AVERAGE UNIT-CHAIN LENGTH OF AMYLOPECTIN

The fractions on Bio~gel P-10 column that was eluted after the void
volume (debranched amylopectin), were combined and concentrated. The
average unit-chain length (C.L.) were determined (86) by dividing the
total amount of polysacpharide as measured by phenol-sulphuric acid
procedure (92) by the amount of reducing groups released during debranching.
Reducing sugars were determined by Nelsons colorimetric procedure (94)
except that all volumes were reduced by a factor of two to increase the
sensitivity of the method. The method was calibrated using D-glucose as

standard.
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PREPARING 3-AMYLASE LIMIT DEXTRINS

B-amylase limit dextrin of soluble starch were prepared by exhaustive
treatment of solutions of the polysaccharides (20-30 mg/ml in 100 mM
acetate buffer, pH 4.8) with 23-amylase (380 units/ml.) in a dialysis
bag. The digest was continuously dialyzed against 100 mM acetate buffer
to remove maltose. After complete digestion, the solutions were boiled
for 15 minutes to inactivate g2-amylase, centrifuged, dialyzed against

distilled water and freeze-dried (66, 99).

DETERMINING THE RATIO OF A-CHAINS to B-CHAINS

The ratio of A-chains to B-chains in amylopectin was determined by
Isoamylase (glycogen 6-glucano hydrolase, EC-3.2.1.68) which showed to
be free of o-1,4 endoglucanase activity and Pullulanase (Pullulan
6-glucanohydrolase, EC. 3.2.1.41) using 3-limit dextrins as described
by Marshall and Whelan (99). The amount of reducing sugars liberated
in 24 hrs. by the action of (a) Isoamylase (Lytic enzyme Li, Gallard-
Schlesinger, Carli Place, New York) (b) Iscamylase plus pullulanase on the
dextrins were measured in digest containing substrate (2-5 mg./ml),
isoamylase (0.06 units/ml.) and 20 mM. sodium acetate buffer pH 5.5 at
37°C. Pullulanase (3-5 units/ml.) was added after 12 hrs pre-incubation
of the digest with isoamylase alone, to prevent the inhibition of one
enzyme by the other (99). The ratio of A-chains to B-chains was calculated
from the increase in reducing power following the action of debranching

enzymes as shown below (66).
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USING S-LIMIT DEXTRINS REDUCING POWER MEASURE
Iscamylase B+ 1/2 A chains
Pullulanass B + A chains

Difference 1/2 A-chain

To determine the completeness of debranching with isocamylase or
pullulanase, an aliquot (0.5 ml.) of the supernatant solution was treated
with 380 units of 3-amylase in 0.5 ml. of 100 mM. sodium acetate buffer,
pH 4.8, for 24 hours at 37°C. (98). Reducing power was measured as

glucose by Nelson colorimetric copper procedure (94).

RESULTS AND DISCUSSION

EFFECT OF STALING ON QUANTITY OF SOLUBLE STARCH

The amount of solubles extracted from bread baked with shortening,
no shortening, SSL and monoglyceride is presented in Table 1. The bread
containing S3SL and monoglyceride did not contain shortening. The data show
that there is a decrease in quantity of soluble starch extracted Irom
bread stored for five days compared to that extracted from one day old
bread. This is in good agreement with the work reported by French and
Schoch (2). Relatively little soluble starch was extracted from bread
containing the surfactants compared to the other samples. These data
support the theory of Stramdine et al. (25) that the presence of an
emulsifier minimizes the release of soluble starch.

The difference between the amount of soluble starch extracted from

bread one and five days after baking was highest in bread baked without
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Table 1. Soluble starch extracted from bread make with different

treatment and stored for different times.

Age Ave. % Soluble
Treatment (days) Extracted Difference
Control 1 4.3 0.9
5 3.4
Without Shortening 1 4.2 1.1
5 Sl
+ SSL 1 3.1 0.2
5 2.9
+ Monoglyceride 1 3.8 0.4
5 et

Standard Deviations = 0.08
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shortening (1.1%) and was lowest for bread baked with SSL (0.2%Z). The
difference was 0.4 and 0.9 percent, respectively, for bread made with
monoglyceride and the control bread containing shortening. These data
indicate that less soluble starch become insoluble as a result of
storage in bread baked with surfactant, and more become insoluble during
storage of bread made with no shortening.

Early workers postulated that during baking, surfactants adhere to
the surface of the starch, hindering the amylose from leaching out
(20-25). The crystalline amylose surfactant complex, investigated by
X-ray diffraction, confirmed complex formation between amylose and:
surfactants. Destefanis et al. (33) reported that surfactant forms a
complex during baking not only with amylose but also with amylopectin.

It has been postulated (26) that one of the functions of surfactant in
bread is retension of soluble starch in the granules. The data that we
obtained also indicate that addition of surfactant to the system decreases
the release of soluble starch from bread and alsc less soluble starch
become insoluble as bread ages. This phenomena is probably due to

complex formation of surfactant with one or more of the starch components
in the bread (32-34). It has been postulated that soluble starch acts as
cementing substance between starch granules and gluten and therefore
contribute to crumb firming (25), but surfactant minimize the release of
soluble starch from bread. Those results may be one of the reasons for
the antistaling effect of surfactants and shortening in bread. The protein

content of soluble starch is presented in Table 2.
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Table 2. Protein Content of Water Soluble Starch

% Protein

Treatment One day Five days
S. Starch Content 6.4 33
Without Shortening 4.1 4.6
+ SSL 5.9 6.7

(W3]
[0'¢]

+ Monoglyceride 5.0
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IODINE AFFINITY OF SOLUBLE STARCH

Analysis by some type of iodine complex formation has bean a valuable
tool in differentiating between linear and branched starch material.
Iodine reacts with linear components or segments of starch and gives
a blue iodine color with chain lengths in excess of forty glucose units,
Shorter chains give red, brown or vellow complexes (100). Native amvlose

absorbs 19-207% of its weight of iodine from a dilute solution of I, in KI,

2
whereas amylopectin absorbs little (0.53%) or nome (10l). Short amylose
chains, or amylopectins with long outer chains, also absorb iodine, but
only at higher iodine concentrations.

Todine affinity of the soluble starch samples are presented in
Table 3. The values are much lower than those reported for pure amylose
and closer to those reported for amylopectin. These data support the
conclusion of French and Schoch (2) that the soluble starch extracted
from bread is mainly amylopectin. Iodin affinities were lower for the
samples containing surfactants indicating a lower amount of amylose in
those samples.

The complexing ability of amylose with surfactant has been studied
by many authors (27-30) and it has been postulated that the surfactant
enters the starch granules and forms an insoluble complex with amylose.
The postulated complex is in the form of a helix (15) and resembles that
formed by iodine and amylose (28). This may explain the lower iodine
affinity of samples containing surfactant. The sample baked without
shortening gave high iodine affinity values indicating that more amylose was

leached from the starch granules and thus intec the scluble fraction.



Table 3. Iodine Affinity (Z) of Soluble Starches Samples

Treatment Age (days) Iodine Affinity
Control 1 2.60

5 1.86
Without Shortening 1 4.60

5 4.30
+ SSL 1 1.20

5 0.85
+ Momoglyceride 1 1.40

5 0.90

27
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TOTAL CARBOHYDRATE, STARCH AND PENTOSAN CONTENT OF SOLUBLE STARCH

The total carbohydrate content of the soluble fraction extracted
from bread was determined by phenol-sulphuric acid (92) and the total
starch by glucoamylase digestion (93). The pentosan content was calcu-
lated by taking the difference between the total carbohydrate and starch.
The quantity of starch extracted from bread decreased during storage,
while the amount of pentosan increased (Table 4). These data are in
agreement with Gilles et al. (17) who reported that the soluble starch
in stale crumb bread contained more pentosan than found in fresh crumb.

As is shown in Table 4, samples extracted from bread made with
surfactants had higher pentosan contents and lower starch contents
compared to the samples baked without surfactants. There was not a
significant difference in the pentosan contents from samples of bread
baked with no shortening during storage. However, there was a slight
decrease in starch content of those samples. The higher pentosan content
of the water soluble fraction extracted from bread made with surfactants
is probably because of the function of surfactants in bread.

After the samples extracted from bread with water were precipitated
with methanol, dried, and redissolved in water, the solutions were cloudy.
In an attempt to eliminate the problem they were dissolved in potassium
hydroxide and neutralized with acid. However the solutions were still not
clear. This indicated that some of the components in the extracted sample
were becoming inscluble during sample preparation. Therefore, the solutions
were filtered and total carbohydrate and starch on the filtrates were

determined. There was a decrease in starch content from 4-9% in different
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Table 4. Total Carbohydrate and Starch in Soluble Starch Samples

Total Total Difference Between
Age CHO Starch Total CHO & Starch
Treatment (days) (%) (%) (Other CHO's)

Control 1 78.4 66,2 12.2
5 76.6 61.9 14.7
Without Shortening 1 80.3 56,2 14.1
5 78.4 63.5 14.9
+ SSL 1 80.3 59.9 20.4
5 78.7 "56.3 22.4
+ Monoglyceride 1 78.7 63.5 15.2
3 77.6 57.0 20.6

Standard Deviation 0.02 .03
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samples by filtratiom (Table 5). These results confirm that a small
amount of soluble starch has become insoluble during the isclation pro-
cedure. If during storage starch in the bread is slowly retrograding,
one would expect less change in starch solubility for the five days

old sample than with the one day old sample. The data in Table 5

show less change in the five day old sample.

B~AMYLOLYSIS OF SOLUBLE STARCH

R-amylolysis limits of soluble starch are giwven in Table 6, 3-
amylolysis values increased during storage of bread in all samples, except
for the sample baked with no shortening. As shows by the iodine affinity
values, the soluble starch of bread crumb appeared to be mainly amylopectin.
Therefore, one would expect a relatively low B-amylolysis value. However,
our data showed a very high conversion to maltose (71-80%). Those values
are similar to what has been reported for amylose preparations (98). These
data suggest that the samples are either amylose with unusual iodine

affinity values or amylopectin with very high 3-amylolysis limits.

MOLECULAR SIZE DISTRIBUTION ON SEPHAROSE 4B

The soluble starch from one day old control bread was used for gel
filtration on different sepharose columns. The molecular size distribution
of soluble starch sample is shown in Fig. 1. A purified pentosan was
prepared by treating the soluble starch fraction with a-amylase and
dialyzing, the purified pentosan was alsoc placed on the 4B column to identify
the pentosans in the soluble starch fraction (Fig. 1). The purified pento-

sans give one broad peak that corresponds to the higher molecular weight
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Table 5. Total Carbohydrate and Starch in Filtered Soluble Starch Samples

Difference Difference
Total  Total Between Total Between Total

Age  CHO Starch CHO before & Starch before &

Treatment (days) (%) (%) after Filtration after Filtration
Control 1 732 57.0 4.7 9.2
5 732 55.4 3.4 8.5
Without Shortening 1 73.2 59.9 Tl 6.3
5 76.54  58.9 1.9 4.6
+ SSL 1 72.0 52.7 8.3 7.3
5 72.0 51.0 6.7 5.3
+ Monoglyceride 1 75.7 55.0 3.0 8.5

5 70.2 50.0 7.4 7.0




Table 6. 3-Amylolysis (%) of Soluble Starch Samples.

% Conversion to % Conversion to

Maltose Based Maltose as % of
Age on Whole Soluble Starch
Treatment (days) Sample Content

Control 1 50.32 76.00
5 50.00 80.70
Without Shortening 1 51.45 77.72
5 45.43 71.50
+ SSL L 45.41 75.81
5 45.00 79.90
+ Monoglyceride 1 44,75 70.48

5 44,38 77.86
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Fig. 1. Elution profiles of Soluble Starch (——), Pentosan (-e-°)
and the Soluble Fraction in Saturated Ammonium Sulfate (+++)

on Sepharose 4B Column.
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component reported by Fincher and Stone (53). The lower molecular weight
component reported by Fincher and Stone was missing in this preparation.
Fincher and Stone reported that the high molecular weight pentosan fraction
was precipitated with ammonium sulfate. Therefore, the soluble starch
fraction were treated with saturated ammonium sulfate, after centrifu-
gation the supernatant fraction dialyzed and also applied to sepharose 4B
column. It is obviocus that the starch components of the soluble starch
sample and in the fraction soluble in saturated ammonium sulfate are
eluted in the second peak about the Vt of the column. The soluble starch
on Sepharsoe 4B at pH 12 eluted at the Vt of the column while a normal
wheat starch sample eluted at the VO of the column (102}. These data

show that soluble starch sample is much smaller than regular starch.

MOLECULAR SIZE DISTRIBUTICN ON SEPHAROSE 6B-CL
The soluble starch fraction extracted from bread and purified pentosans

fraction prepared from that soluble starch were fractionated on sepharose
6B-CL (Fig. 2). The purified pentosan eluted as one peak mostly in the
void volume. The soluble starch fraction had material eluting at the
void volume and a sizable quantity of carbohydrate that eluted later
showing that much of the starch had a relatively low molecular weight.

~ B-Limit dextrin was prepared from the total soluble starch fraction
by exhaustive treatment with 3-amylase and dialyzing to remove maltose.
The B-limit dextrin was also fractionated on sepharose 6B column (Fig. 3).
It should be mentioned that the 3-limit dextrin was not pure because it
still contained all the pentosan originally in the soluble starch sample.
The elution profile shows that only a small proportion of sample was

eluted at the void volume. The fraction in the void volume is certainly
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Fig. 2. Elution Patterns of Soluble Starch (++) and the Pentosan

(—) on Sepharose 6B-CL Column.
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Fig. 3. Elution Profiles of B-Limit Dextrin (——} and the Pentosan

on Sepharose 6B-CL Column.
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pentosan. These data suggest that 3-limit dextrin from soluble starch
sample are smaller in size than found for regular g-limit dextrin (102).
This result was furthermore supported by ffactionatiou of 8-1imit dextrin
on Biogel P-10 column (Fig. 4). Most of the sample was eluted at the void
volume of the column but a significant amount was eluted later. This

also indicates that the 3-limit dextrin from soluble starch is small

in size and there are some relatively small fragments.

GEL FILTRATION OF DEBRANCHED SOLUBLE STARCH

The soluble starch sample was debranched with Pullulanase and fractionated
on sepharose 6B column (Fig. 5). Debranching would degrade the amylopectin
to small fragments that should elute at the Vt of the column. Comparing
Fig. 2 and 5, it is clear that almost all the starch was eluted at the
Vt of the column after debranching. Thus, the starch in the soluble
sample is mostly amylopectin.

The debranched sample was also fractionated on a Bicgel P-10 columm
(Fig. 6). Two major peaks were obtained. The first peak eluted at the
void volume of columm, is composed of material with higher molecular
weight. The first fraction was incubated with glucocamylase and showed
only a slight amount of starch present. This presumably is amylose that
would not debranch with pullulanase and therefore eluted in the void
volume of the column along with pentosan. However pentosan makes up the
major part of the first peak and amylosa is present in very small
amounts.

The second major peak was considered to consist of the debranched

amylopectin with much lower molecular weight. The second peak has a leading



38

Fig. 4. Elution Profile of B-Limit Dextrin on Bio-Gel P-10 Column.
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Fig, 5. Elution Profile of Soluble Starch Debranched by Pullulanase

on a Sepharose 6B-CL Column.
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Fig. 6. Bio-Gel P-10 Fractionmation of the Products of Pullulanase
Debranching of the Socluble Starch Extracted from l-day 0ld

(—) and 5 day old (+++) Control Bread.
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ghoulder which indicates that there is bimodal distribution of chain-
length with the majority of chains being low molecular weights. The
soluble starch fraction from bread baked with no shortening, and bread
containing SSL and monoglycerides at 1 day storage and all the samples
at 5 days storage were debranched with Pullulanase and placed on the
Biogel P-10 column (Fig. 7-9). All the debranched samples gave similar

elution profiles.

AVERAGE UNIT-CHAIN LENGTH (C.L.) OF AMYLOPECTIN

The average unit-chain length (ETE.) of amylopectins were determined
by debranching of the samples with Pullulanase and fractionating on
Bio-gel P-10 column. The second peak (Fig. 6-9) which contained the
debranched fractions were combined, concentrated, and the average unit-
chain length (C.L.) was calculated from the total amount of polysaccharide
(92) divided by the reducing groups (94 ) liberated during debranching
(86 ).and is presented in Table 7.

The sample with SSL had the longest (C.L. 16) and the sample with no
shortening the shortest (C.L. 11). The average unit-chain length are
shorter for all samples than that reported for regular wheat amylopectin
(98 ). This result suggests that soluble starch amylopectin chains from

bread are shorter in length.

RATIO OF A-CHAINS TO B-CHAINS

The ratio of A-chains to B-chains was calculated from the increase in
rteducing power following the action of debranching enzymes on 3-limit dextrin
(99 ). The ratio of A-chains to B-chains was 2:1 for amylopectin of

soluble starch from control bread one day after baking. Compared to a
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Table 7. Average Unit-Chain Lengths (C.L.) of Amylopectins from Soluble

Starch Samples

Source Age (days) (Cc.L.)
Control 1 12
5 11
Without Shortening 1 11
5 10
+ SSL 1 16
5 12
+ Monoglycerides 1 13
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Fig. 7. Bio-Gel P-10 Fracticnaticn of the Products of Pullulanase-
Debranching of Soluble Starch from Bread Baked with no Shortening

and Isolated after 1 Day (——) and 5 days (++) of Baking.
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Fig. 8. Fractionation of Pullulanase-Debranched Soluble Starch from
Bread Baked with SSL and Isclated After 1 day (——) and 5

Days (+++) of Storage on a Column of Bio-Gel P-10 Columnm.



ABSORBANCE

44a

06r

04+t

02

IAVA

100 200 200
ELUTION VOLUME (ml.)



45

Fig. 9. Elution Profiles of Pullulanase-Debranched Soluble Starch from
Bread Baked with Monoglycerides and Isolated After One Day

(—) and 5 Days {(+++) of Storage on a Bio—-Gel P-10 Columm.
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1.5:1 ratio of A- to B-chains which has been reported for an unknown
wheat sample (989 ), the ratio of A- to B-chains is higher in soluble
starch extracted from bread. The higher ratio of A- to B-chains in
soluble starch amylopectin may be related to its high B-amylolysis
values. A-chains are unbranched and B-chains are those to which
another chain is attached, increasing A-chains to B-chains ratio indi-

cates an increasing extent of multiple branching (99).
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SUMMARY AND CONCLUSION

An appreciable amount of starch in fresh bread is soluble and can be
extracted from the crumb by cold water. Relatively little soluble
starch was extracted from bread containing the surfactants compared to
the control and bread baked with no shortening. There was a decrease
in quantity of soluble starch extracted from bread stored for five days
compared to that extracted from one day old bread. The difference between
the amount of soluble starch extracted from bread one and five days
after baking was highest in bread baked without shortening and was lowest
for bread baked with SSL which indicated that less soluble starch
became insoluble as a result of storage in bread baked with surfactant,
and more became insoluble during storage of bread baked with no shortening.

Iodine affinity values were lower for the sample containing surfactants
indicating the lower amount of amylose in these samples and higher iodine
affinity values of the sample baked with no shortening indicated that more
amylose wasa leached from the starch granules in the absence of shortening.
Low iodine affinity values of soluble starch samples suggested that the
soluble starch extracted from bread is mainly amylopectin.

The quantity of total starch content in soluble starch sample as was
measured by glucoamylase digestion, decreased during storage, while the
amount of pentosan increased. Samples extracted from bread made with
surfactants had higher pentosan content and lower starch content compared
to the samples baked without surfactants. There was a decrease in starch
content from 4-9% in different samples when the solutions were filtered.
It indicated that a small amount of soluble starch has become insoluble

during the isolation procedure.
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Hydrolysis of soluble starch with B-amylase gave a high conversion to
maltose which did not seem to be in agreement with iodine affinity wvalues.

The soluble starch sample, the purified pentosan from that sample and
soluble fraction in saturated ammonium sulfate of the total sample was
applied to sepharose 4B column., The results showed that the purified pento-
san is composed of only one fraction, the high molecular weight fraction
which precipitate with ammonium sulfate. The low molecular weight fraction
which is soluble in saturated ammonium sulfate was missing from the pentosan
sample. The soluble starch sample was found to be much smaller than regular
starch because it was eluted later on the column, Molecular size distri-
bution of the soluble starch sample and the purified pentosan on sepharose
6B-CL column also indicated that the soluble starch sample are smaller in
size than regular starch. Gel filtration of B-limit dextrin om sepharose
6B-CL and on Biogel P-10 column indicated that the 3-limit dextrin from
soluble starch sample is smaller in size and there are relatively small
fragments.

When the soluble starch samples were debranched with pullulanase and
then chromatographed on a column of Biogel P-10, two peaks were observed
for all the samples with similar elution profiles. The first peak which
was at the void volume of column, was composed of material with higher
molecular weight that did not debranch with pullulanase. Pentosan made
up the major part of the first peak and amylose was present in very small
amounts. The second peak which contained the debranched material had a
bimodal distribution of chain-length with the majority of chains being
low molecular weight. There results were furthermore confirmed by the gel

filtration of the debranched sample on sepharose 6B-CL. It also showed that
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the amylose in soluble starch sample are very small in quantity and amylo-
pectin is the major starch component of the soluble starch sample.

The average unit-chain length were shorter for soluble starch amylo-
pectin compare to regular amylopectin., Soluble starch amylopectin had
higher ratio of A to B chains compared to normal wheat amvlopectin.

Now we can conclude that soluble starch sample are mainly amylopectin,
but not a regular amylopectin. An amylopectin which gives low iodine
affinity values and high B-amylolysis, Its B-limir dextrins are smaller
in size., It has shorter chain length and higher ratio of A to B chains
compared tec regular amylopectin. This component should be called a
degraded amylopectin. This degradation occurs during baking by the
action of amylases on the starch component of the bread.

Flour milled from sound wheat contains a relatively high content
of B-amylase but little x-amylase. The purpose of diastatic supple-
mentation which is widely used in the baking industry is normally to com~
pensate for the natural deficiency in alpha-amylase that is generally found
in wheat flours (103). It has been suggested that alpha-amylases hydrolvze
some of the starch molecules in the amorphous regions between the crystallites,
therefore, decreasing the rate at which bread becomes firm during aging
(104). Major amylase activity occurs during baking. As the temperature of
dough increases during baking above 60°C, starch is gelatinized and becomes
more susceptible to the enzyme. At the same temperature beta-amylase is
inactivated, but wheat alpha-amylase remains active for another 1 or 2 minutes,
until the temperature reaches 75°C (103).

Miller et al, (104) and Beck et al. (106) determined the formation of
dextrins by extracting bread crumb with water and precipitating dextrins

from the extract with alcohol. It was found that a control bread made from
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unmalted flour contained 211 mg of dextrin in 10 g of bread crumb while
supplementation with 131 or 796 alpha-amylase units (from wheat) per
700 g of flour led to the formatiom of 309 or 667 mg of dexrrinms,
respectively. These results support our conclusion that some of the
starch components are hydrolyzed by G~-amylase during baking and the

extracted water soluble starch are a degraded amylopectin.
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ABSTRACT

The term "soluble starch" of bread as generally accepted consists of
a starch and a pentosan fraction. During staling the soluble starch
content progressively decreases. This effect has been used as a measure
for estimating the extent of staling.

The composition of soluble starch extracted from control bread, bread
baked with surfactants and no shortening was studied by iodine affinity,
B-amylolysis and gel filtration. The results indicated that the starch
fractions are smaller in size compared to starch isolated from flour and
that the soluble starch component are mainly amylopectin. This amylopectin
had shorter average unit-chain length and higher ratio of A to B chainé
compared to regular wheat starch. High B-amylolysis of soluble starch
samples with the other information indicated that the starch component of
the soluble starch samples was mainly amylopectin, but an amylopectin which

has been degraded by a-amylase during baking of bread.



