Effect of Various Starches in Baking'

B. L. D'APPOLONIA? and K. A. GILLES®, North Dakota State University, Fargo 58102

ABSTRACT

Starch was isolated from 12 different varieties of hard red spring (HRS) wheat flour;
3 HRS composite flours which had yielded loaves of good, intermediate, and poor
baking quality; 2 durum semolinas; 2 club wheat flours; and a soft white wheat flour. In
addition, an isolated starch was fractionated into a large- and small-granule fraction. One
commercial sample each of corn starch and wheat starch also were mcluded in the study.
The temperature of initial pasting and the peak height ranged from 55° to 59°C. and
540 to 865 B.U., respectively, for the different wheat starches. Absolute density,
water-binding capacity, and starch-damage values ranged from 1.466 to 1.496, 81.5 to
100.0%, and 2.3 to 12.2 Farrand Units Equivalent, respectively, for the wheat starches.
Farinogram measurements indicated that mixing time and stability ranged from 1.5 to 4
min., and 3 to 6 min., respectively, for the gluten-starch blends containing the different
wheat starches. The same gluten-starch blends when baked into bread showed a range in
loaf volume of from 137 to 161 cc. The addition of a common lot of water-solubles to
the gluten-starch blends showed greater variations in loaf volume. This would suggest a
possible different type and degree of interaction between certain water-soluble
components and the various starches.

Alsberg (1), as early as 1935, stated that variations in the properties of starches
of different flours materially influence their baking qualities. Sandstedt et al. (2)
showed that certain undesirable baking characteristics of some starches isolated
from hard wheat originated from damage to the starch in milling. Harris and Sibbitt
(3) concluded that the marked differences in those properties that influence baking
quality were inherent in starches from different wheat varieties. The authors further
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stated that the differences may have been due to starch-granule damage during
milling. In a later paper, Harris and Sibbitt (4) concluded that both the starches and
gluten isolated from hard red spring (HRS) wheats vary in baking quality as a result
of both inherited and environmental factors. Starches isolated from rice, corn,
waxy corn, and potato have been shown to lack the baking quality of wheat
starch (5,6). Pence et al. (7) reported that protein, starch, and protein-starch
interaction effects are all significant factors governing flour quality. Rotsch (8)
showed that bread could be produced from doughs in which the gluten was
replaced by other gel-forming substances. He did not, however, find a suitable
substitute for starch. Similar results have been reported by Jongh (9). Jongh et al.
(10) stated that addition of glyceryl monostearate to starch bread results in its
being adsorbed onto the surface of the starch, bringing about aggregate formation
with the resulting coherent network formed by the starch granules. The function of
starch in dough has been reviewed recently (11,12). Pomeranz (13) has stated that
although the loaves baked by Rotsch (8) and those by Jongh (9) were better than
those baked from starch alone, none were comparable to commercially acceptable
white pan bread in the U.S., Canada, or England. The author further states that, in
his opinion, bread without gluten is basically bread without bread.

The present study was undertaken primarily to study the effect of different
starches in baking. To relate any differences that might be observed in the baking to
certain properties of the starches, this study included an investigation of the
physical dough characteristics using a gluten-starch system, of gelatinization
properties as measured by the amylograph, and of certain physical properties of the
starches, which included absolute density, water-binding capacity, and starch
damage.

Properties of a number of new wheat varieties not perviously described are
cited. In particular, owing to current interest in semi-dwarf wheats, information is
provided on three such varieties: an unnamed sample, Red River 68, and Tobari.

MATERIALS AND METHODS
Samples
The following samples were used as sources of starch:

a) Flour from 12 varieties of HRS wheat which were composites of samples grown
at different locations. '

b) Semolina from two varieties of durum.

¢) Flour from two varieties of club wheat.

d) Flour of one variety of soft white wheat.

e) Three HRS wheat composite flours of good, intermediate, and poor baking
qualities.

f) Large- and small-granule starch fractions isolated from a composite of HRS
wheat flour.

g) A commercial sample of corn starch supplied by Clinton Corn Processing Co.,
Clinton, Iowa, and a commercial sample of wheat starch supplied by Hercules,
Inc., Harbor Beach, Mich.

Gluten Isolation
Gluten, used in the physical dough-testing experiments and in the baking study,
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was bolated from a composite of HRS wheat flour by the dough-kneading
procedure (14). The protein content of the extracted pluten was 74.2% oo a dry
hasis,

Isoistion of YWater Sobubdes

The water-2olubles used in the baking study were isolated from a composdte Iot
of HRS wheat flowr. Flour was extracted with distilled water in a 1.2 ratio at low
speed in 3 Warlng Blendor. After centrifugation, the supernatant was decanted, shedl
fromen, and freeze-dried. Protein content of the watersolubles was 23.4% on a dry
bass,

Staroh lsalation

Starch was Bolated from the different flours and semolinas by the
dough-kneading procedure {14). A dough ball was made with the flour or semoliva
and distilled water and washed by hand uniil free of starch. The starch shurry was
centrifiged and the prime starch recoversd. The starch was allowed Lo air dry, and
waz then sieved on a Mo, 70-mesh sleve.

Large: ond Small-Granule Fractignation

A compasite ot of HRS wheat flour was used o oblain a large and a small
starch-granule fraction. The procedure wtilized was ag follows: The starch and
“sludge” (tailingsh, which were removed by the dough-kneading procedure
mentioned ahove, were reslurried in distilled water and centrifuged at exactly 2,000
rpm. for 15 min, The “sledge™ top kayer was removed and saved for the isolation
of the small-gronule fraction. The prime-starch layer was removed, reslurried in
water, and centrifuged at 2000 rpm. for 15 min, The “dudge” layer in this
instance was removed and discarded. The prime starch was collected ard
represented the largegranule fraction. The “sludge” matesial obtained from
centrifugntion uf the first slurry was reslurried in water and centrifuged ot exactly
4,500 r.p.am. for 15 min, The top “sludge™ layer was removed and discarded, The
bottom ““starch'™ laver was removed, air dried, and sieved, This material represented
the small-granule fraction. Figure | shows a photograph of the large- and
smallgranule froctins oblalned.

Fig. 1. Phsiomicrographs of large anad small-grenuls fractions of HRS whaot starch.
Magrification X 4700, Left: large granule fraction. Right: small grenubs fraction,
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Starch Determination in Flour and in Isolated Starch
The amount of starch present in the different flour samples as well as in the
isolated starches was determined by the polarimetric procedure (15).

Nitrogen Determination
Nitrogen content in the various starches was measured by the micro-Kjeldahl
procedure (15).

Gelatinization Curves

The gelatinization properties of the different starches were investigated with the
Brabender amylograph by the carboxymethyl cellulose technique as described by
Sandstedt and Abbott (16) and by Medcalf and Gilles (17). The properties
examined were temperature of initial pasting, peak height, 15-min. height, and
height after coding for 30-min. at room temperature, which resulted in a gel
temperature of between 67°-69°C.
Granule Density

Absolute densities of the different starches used in the baking study were
determined by the xylene-displacement method described by Schoch and Leach
(18). The starches were all pre-dried by heating for 4 hr. in a vacuum oven at
120°C. prior to the determination. Densities were determined at 30°C., with an
average of duplicate determinations reported in all cases.

Water-Binding Capacity
Water-binding capacity of the different starches was determined according to
the procedure described by Medcalf and Gilles (17).

Starch Damage

Starch damage in the different starches was determined according to a
colorimetric procedure of Williams and Fegol, except that a 5-g. starch sample (dry
basis) was used.

Physical Dough-Testing Experiments

The mixograph and the farinograph were used to study the effect of the
different starches on physical dough properties. A common lot of gluten was used
throughout. The gluten-starch blends were prepared so that the protein content of
each blend was 15.0% on a dry basis.

A 25-g. sample of the gluten-starch blend was used for the mixograph with a
fixed amount of water.

A 50-g. sample (dry basis) was used for the farinograph determinations, with the
curve centered on the 500-B.U. line. In certain cases, if there was insufficient
sample, it was necessary to estimate the absorption from previous trials in order to
have the curve center on the 500-B.U. line.

Baking Study

The different starches were baked by two basic systems: a gluten-starch and a
gluten-starch-water-soluble baking procedure. A common sample of gluten and
water-solubles was used throughout the baking study. The gluten-starch loaves were
made from blends containing 20% gluten and 80% starch. The
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gluten-starch-water-soluble loaves were made from the above blends, but in which
3.2% of the blend was replaced by water-solubles. The protein contents of the
gluten-starch blends and gluten-starch-water-soluble blends on a dry basis were 15.0
and 15.3%, respectively.

A lean-type baking formula was used in which 25 g. pup loaves were baked. The
baking procedure has been described previously (14). The amount of water was
determined by an examination of the dough during mixing and also from the feel of
the dough of previous bakes at punching and panning. Mixing was performed in a
National mixer (National Mfg. Co., Lincoln, Nebr.). The mixing time varied for the
different starches and was determined by physical examination of the dough. The
volumes were measured by rapeseed displacement 30 min. after removal from the
oven. Crust color, crumb grain and texture, and crumb color of the different
gluten-starch loaves were noted.

RESULTS AND DISCUSSION

The protein and starch contents of the HRS wheat samples used for the starch
isolation are shown in Table I, together with starch yield and nitrogen content.
Data in this table are reported only for the HRS wheat samples, since the procedure
utilized for the starch isolation resulted in a certain loss of material in the case of
durum and soft wheat samples owing to the very unelastic type of gluten they
produced. The protein content of the HRS wheat flours ranged from 13.4 to
16.2%, while the starch yield ranged from 47.7 to 58.8%. Of the 15 HRS wheat
flours used for starch isolation, the 3 semidwarfs, Tobari, Red River 68, and an
unnamed semidwarf variety, and the conventional variety, Manitou, contained the
highest amounts of starch.

The nitrogen content of the starches isolated from the durum semolina samples

TABLE I. PERTINENT DATA ON HRS WHEAT FLOUR STARCHES

Flour Flour Starch Starch
Flour Source Protein?® Starch Yield? Nitrogen?
% % % %
Thatcher 15.8 63.9 47.7 .06
Selkirk 14.9 63.2 52.3 .05
Justin 16.2 63.4 52.8 .06
Chris 16.2 62.9 53.3 .08
Manitou 16.0 65.2 54.6 .04
Waldron 16.0 62.3 51.8 .06
Valley 15.3 63.2 54.6 .06
Tobari 14.5 65.9 54.1 .05
Fortuna 14.8 64.1 55.9 .06
Red River 68 13.4 67.5 58.8 .08
Semidwarf 15.5 65.1 50.1 .05
Polk 15.2 63.3 52.3 .08
Good-quality baking flour 17.3 50.9 .05
Intermediate-quality baking flour 14.9 64.0 50.5 .04
Poor-quality baking flour 12.9 60.0 51.7 .03

3Expressed on a dry basis.
bcalculated by a polarimetric procedure.
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and the club and soft wheat flours was similar to the HRS wheat starches shown in
Table 1. The protein content of the semolina and flour of these samples was lower
than that shown for the HRS wheat flours,whereas their starch content was higher.

Table II lists the amylograph data for the different starches investigated in the
baking study. The initial temperature of pasting for the HRS wheat-flour starches
varied from 55°to 59°C. The peak height for these starches did show considerable
variation. The highest peak height was obtained with Selkirk starch and the lowest
from the starch obtained from the blended flour having good baking quality. The
initial temperature of gelatinization of the soft wheat and club wheat starches was
similar to the HRS wheat starches. The starches isolated from the durum wheat had
slightly lower initial temperatures of gelatinization, as reported previously (17). The
corn starch had the highest initial temperature of gelatinization of the starches
investigated and also the highest peak height. No significant correlation was
obtained between the different amylograph measurements and the loaf volume of
the gluten-starch loaves.

Table III lists some of the physical properties of the isolated starches as well as
the amount of starch present measured polarimetrically. The absolute density of
the wheat starches was similar and showed little variation, with Manitou starch

TABLE Il. SUMMARY OF STARCH AMYLOGRAMS

Temperature of Peak 15-Min.  30-Min.2
Starch Source lnitia!)P.asting Height Height Height
C. B.U. B.U. B.U.
HRS
Thatcher 59 775 715 690
Selkirk 58 865 790 750
Justin 56 765 700 685
Chris 68 750 715 665
Manitou 58 740 675 620
Waldron 58 705 670 615
Valley 58 755 715 660
Tobari 56 640 600 595
Fortuna 58 640 600 575
Red River 68 56 770 710 685
Semidwarf 59 800 735 705
Polk 59 755 715 675
Commercial 56 620 505 450
Good-quality baking flour 57 580 560 585
Intermediate-quality baking flour 57 615 575 590
Poor-quality baking flour 56 590 560 570
Small-granule fraction 57 630 590 595
Large-granule fraction 57 580 555 565
Durum wheat
Mindum 55 610 590 590
Leeds 55 520 510 510
Soft wheat
Nugaines 57 575 555 590
Club wheat
Omar 57 575 560 580
Moro 57 540 540 580
Corn starch 64 900 785 830

aHeight after coolingfor 30-min. at room temperature which resulted in a gel temperature
of between 67°-69°C.
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TABLE Ill. SUMMARY OF PHYSICAL PROPERTIES OF STARCHES
Starch
Damage
Starch in Water- Farrand
Isolated Absolute Binding Units
Starch Source Starch Density Capacity Equivalent
% %
HRS
Thatcher 81.6 1.494 84.0 4.5
Selkirk 82.6 1.484 84.5 4.3
Justin 84.0 1.489 83.5 3.6
Chris 82.0 1.493 85.5 3.2
Manitou 81.2 1.466 83.5 3.1
Waldron 83.8 1.488 85.0 4.1
Valley 82.0 1.480 85.5 5.5
Tobari 83.0 1.483 82.5 3.5
Fortuna 82.8 1.496 84.5 4.9
Red River 68 80.0 1.484 85.0 3.3
Semidwarf 81.4 1.494 85.0 3.3
Polk 83.4 1.490 81.5 4.5
Commercial 86.4 90.0 9.5
Good-quality baking flour 84.0 1.480 86.0 4.1
Intermediate-quality baking flour 82.4 1.490 85.5 3.2
Poor-quality baking flour 84.6 1.480 88.0 3.9
Small-granule fraction 88.0 1.488 100.0 12.2
Large-granule fraction 84.0 1.486 82.5 2.5
Durum Wheat
Mindum 83.6 1.480 81.0 3.3
Leeds 82.0 1.492 88.5 2.3
Soft wheat
Nugaines 80.0 1.493 93.5 3.1
Club wheat
Omar 84.8 1.494 87.0 23
Moro 80.8 1.492 88.0 2.3
Corn starch 87.2 1.721 98.0 2.8

having the lowest value at 1.466; and Fortuna, the highest value at 1.496. The
values reported for the absolute density were higher than those reported in the
literature (17), since the determination was performed on undefatted starch. Corn
starch had the highest absolute density. A correlation coefficient of -0.48 was
obtained between absolute density of the starches vs. loaf volume of the
gluten-starch loaves, which was significant at the 5% level. Water-binding capacity
of the starches varied little except for the commercial sample and the small-granule
starch fraction. The high water-binding capacity value obtained for these starches
was due in part to the relatively high amount of damaged starch granules. The large
fraction, on the other hand, exhibited the lowest starch-damage value. The
pentosan content in the large- and small-granule fractions was similar. The Leeds
variety of durum starch and the soft and club wheat starches had higher
water-binding capacity values than HRS wheat starches. At the same time, the
starch-damage values for these starches was lower than for HRS wheat starches,
indicating that the higher water-binding capacity for these starches was not owing
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to an excess of damaged starch. The corn starch also had a high water-binding
capacity and a low starch-damage value. With the exception of the commercial
starch and the small-granule starch fraction, the starch-damage values among the
HRS wheat starches revealed only small differences. No significant correlation was
obtained between either water-binding capacity or starch damage and loaf volume.

Table IV shows pertinent data obtained from the farinograph for the
gluten-starch blends in which a common lot of gluten and the different starches
were utilized. In general, absorptions for the gluten-starch blends containing HRS
wheat starches were similar except for the commercial starch and small-granule
starch fraction, which had higher absorptions. Only small differences were noted in
the mixing time of the gluten-starch blends using the different HRS wheat starches.
The gluten-starch blend having the small-granule starch fraction had the longest
mixing time. This result has been suggested previously (11). In general, absorptions
of the gluten-starch blends containing the durum, soft, and club wheat starches
were higher than those containing the HRS wheat starches. This result was
indicated by the higher water-binding capacity of these starches. A shorter arrival
time also was noted for the blends containing these starches as compared to the

TABLE IV. FARINOGRAPH DATA ON GLUTEN-STARCH BLENDS

Mixing
Starch Source Absorption time Stability
% min. min.

HRS
Thatcher 55.0 2.5 5.0
Selkirk 53.6 3.5 5.5
Justin 53.4 3.0 6.0
Chris 55.0 2.5 5.0
Manitou 54.2 2.5 4.0
Waldron 54.4 2.5 4.5
Valley 54.4 3.0 5.0
Tobari 53.9 1.5 4.0
Fortuna 55.0 2.75 4.0
Red River 68 54.6 2.25 5.5
Semidwarf 54.6 3.0 4.5
Polk 53.6 2.0 4.5
Commercial 60.0 2.5 3.0
Good-quality baking flour 55.0 2.5 5.0
Intermediate-quality baking flour 56.0 2.5 5.0
Poor-quality baking flour 56.0 3.0 5.0
Small-granule fraction 68.8 4.0 3.5
Large-granule fraction 55.0 2.5 3.5
Durum wheat
Mindum 57.1 1.5 3.0
Leeds 58.6 2.0 3.0
Soft wheat
Nugaines 57.8 2.5 4.0
Club wheat
Omar 56.2 3.0 4.0
Moro 56.8 3.0 4.0

Corn starch 67.0 1.25 1.5
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blends containing the HRS wheat starches. This would indicate a faster uptake of
water by these starches. The gluten-starch blend containing the corn starch showed
a very short arrival time, a short mixing time, and a very low range of stability.

The mixograph also was used to study the physical dough properties of the
different gluten-starch blends but with this instrument it was difficult to observe
differences.

Table V shows the baking data for the gluten-starch andthe
gluten-starch-water-soluble blends in which the various starches were substituted.
Except in a limited number of cases, no extreme differences in mixing time were
noted for the different starches. The gluten-starch blends containing the
commercial sample of starch or the corn starch had short mixing times. The baking
absorptions for the gluten-starch and gluten-starch-water-soluble blends containing
the HRS wheat starches were constant except for blends containing the commercial
starch and the small- and large-granule fraction starches. The commercial and
small-granule fraction starches required a higher baking absorption. Because of the

TABLE V. EFFECT OF DIFFERENT STARCHES IN BAKING

Gluten-Starch-Water-Soluble

Gluten-Starch Blend Blend
Mixing Loaf Mixing Loaf
Starch Source time Absorption volume time Absorption volume
min., % cc. min, % cc.
HRS
Thatcher 3.5 74.0 147 3.0 72.0 190
Selkirk 3.0 74.0 152 3.0 72.0 189
Justin 4.0 74.0 143 2.75 72.0 193
Chris 4.5 74.0 140 3.0 72.0 184
Manitou 4,25 74.0 140 3.0 72.0 199
Waldron 3.75 74.0 148 3.0 72.0 171
Valley 3.5 74.0 149 2.75 72.0 189
Tobari 3.6 74.0 156 2.75 72.0 204
Fortuna 4.5 74.0 146 3.0 72.0 192
Red River 68 3.5 74.0 149 2,75 72.0 166
Semidwarf 3.25 74.0 160 2.75 72.0 184
Polk 3.25 74.0 149 2.75 72.0 203
Commercial 2.0 80.0 149 1.5 72.0 167
Good-quality baking flour 3.5 74.0 154 2.75 72.0 197
Intermediate-quality baking
flour 4.0 74.0 137 2.75 72.0 178
Poor-quality baking flour 4.5 74.0 143 2.75 72.0 181
Small-granule fraction 3.256 84.0 140 2.5 80.0 147
Large-granule fraction 3.75 74.0 138 2.75 68.0 209
Durum wheat
Mindum 3.25 76.0 155 2.5 72.0 219
Leeds 3.25 80.0 147 2.25 76.0 168
Soft wheat
Nugaines 3.25 74.0 142 2.75 72.0 168
Club wheat
Omar 3.25 74.0 160 2.75 72.0 181
Moro 3.256 74.0 161 2.5 72.0 190

Corn starch 2.5 88.0 128 2.25 84.0 145
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lower walersbinling copacity. a slightly lower absorplion was used for the
gluten-starch-watersoluble blend confaining the Erge-granule fractbon starch. The
glutes-starch blends containing the durum starch required a higher absorprion,
whereas the absorptions wsed for the blends containing the soft wheat and club
wheat starches were the same 05 that used For the blends containing the HRS wheai
starches. The soft wheatl, elub whend, and corn starches hydrated Faster than the
HRS wheat darches, This smame observation wae noted with the shorl arrival time
obtained with the gluten-comn starch blend. The sddition of a [xed amount of
water-selubles resulted in a redwction in the mixing time and a redoction in
ahsorption,

The standard ceviation for 16 gluten-starch loaves baked In duplicate was 5 cc,
From Table ¥, the average loaf volume of the gluten-starch loaves containing (he
unmodified HRES wheat starches was 1475 coo As seen in Lhis Lable, & of the
gluten-starch loaves containiog HRES wheat starches had 3 wolume with a deviation
from the average preater than 5 cc. The glutensstarch loaves containing (he
smuall-granube starch froction, large-granube starch fraction, as well os Mindwm,
Mugaines, Chmar, Moro, and corn starch, also showed a devialion greater than 5 ce.
froan Lhe average of HRS wheat starches. The highest Joal volume was obtained
with the glulen-starch loaves containing the club wheat starches, and the lowest loal
volume with the corn starch. The loaves conlaining the corn starch also had an
inferior criest color,

The addition of water-soluble material w the gluten-starch loaves resulted i an
Ingrease in Joal volume in all cases, However, with the gluten-starch-water-soluble

Fig. 2. Photograph showing interior and exterior of gluten-siereh ard glutan-sLanch-winter
ilubile Ioaves, Gleten-starch loaf fo the left, gluten-storch-watar-asliuble lasf o e rght, far
pach pair. Sarch sourea: A, Thetcher, B. Selkirk, ©. Jumin, D. Chria, E, Manitoa, F. Waklnan,
@, Valley, H. Tobari, |. Fortuna, ). Hed Fiver 68, K. Semidwarf, L. Polk, M. eomemarcial, B
gossd-quality beking flour, 0. ntormed inte-quality baking 1bowr, P. posr-quality baking Mowr, O.
Mingliam, R, Lend=.
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Fig, 3. Photograph showing interier and esterior of glutenstareh  and
plutan-starch-water-soluble loeves. Gluten-tanch laaf to the left, ghuten-stare hesator-solubbs ol
to thed right, for esch pair. Starch sourea: A Nugsines, B. Omar, C. Moo, B, large-granubs
fracteom, E, small-granials fractson, F. corm.

Eanves, there was a wider deviation in keal volume. A range in volume of from 166
i 204 co. was obtained for Joaves containing the HRS wheal starches. The range
for the same loaves without the addition of the waterscduble material was 137 to
160 ce. It would appear that addition of the water-sluble materal to ihe
glutensstarch blends reacts, or binds, differently with the various storches, thus
explaining the wider varintion in volume for these loaves, The Lick of response with
the addition of the watersoluble material was most evident with the loaves
containing the small-granole starch (raction,

Fipure 2 shows the interlor and exterior of the gluten-starch loaves amd
gluten-storch-water-soluble  loaves b wiidch the HRS and durum starches were
substituted. In all eases the kool to the lelft of cach pair s the gluten-starch loat; the
aave Lo Lhe right, the glulen=starch-water-soluble kaf,

Figure dshows the interdor and exterior of the gluten-starch and
gluten-sdarch-water-soluble keaves in which the starch From soft wheat, club wheat,
lorge aml small starch-granule fractbons, amd corn were sbstituted, The main
differences observed in this photograph & the kewer Joal volume of the loal
containing Lthe corn starch. The lack of volume responss with the addition of the
witler-solubles to the plutenstarch blend containing the smallgronule starch
fraction and corn starch is also evident.

The results of this study have indicated thai certain varieties of starch do
respond  differently in baking. However, the differences observed wsing o
gluten-starch system ware nof as greal or as varisble as when a
gluten-starch-water-saluble system was ulilized. OF the different starch properties
exumined, anly absolute density showed o siEnificant correlation with loaf volunse
of the pluten-starch boaves. Sdarches solated from a more diverse source may very
well show g mare pronounced effect on bread properties.
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