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EFFECTS OF VARIOUS BAKING ADDITIVES ON THE RHEOLOGICAL
PROPERTIES OF WHEAT FLOURS

BAZI EKMEK KATKI MADDELERININ BUGDAY UNLARININ REOLOJIK -
OZELLIKLERI UZERINE ETKILERI

Siteda CELIK, Dilek SIVRI, Hamit KGKSEL
Hacettepe University Food Engineering Department, ANKARA

OZET: Oksidan ajanlar (Potasyum bromat ve askorhik asit), indirgen ajan (L-sistein) ve surfakiantar (SSL ve DATEM)'In U ekmeklik budday
¢esitine ait unlarin reolojik Szellikleri Gzerine etkileri Brabender farinograf ve extensograf kullanmlarak ¢aligiimigtir. Genellikle askorbik asit ve po-
tasyum bromatin (KBrQg) artan orantar su absorbsiyonu dedederini etkilememigtir. Askorbik asit ve KBrQg, kuvvetli ve ona gluten kalitesine sa-
hip cegitlerde hamur geligme siiresini biraz daha iyi etkilemigtir. Askorbik asitin clumlu etkisi KBrO4'in etkisine gdre daha belirgindir. Surfaktaniar,
bitin un gesitlerinde dzellikle stabilite, yoGurma tolerans indeksi ve valorimetre degerleri Gizerinde kuvvetlendirici (strenghtening) etki yapmigtir.
Bununla beraber, Bezostaya ve Kirag unlarinda, $5L su absorbsiyonu deerinde azaltic! ve stabilite degeri tizerinde agir artinc etii yapmgtir,
Oksidanlarin ilavesi Bezostaya ve Qrso unlannda ekstensibilitede (E) dnemli bir azalma, Kirag'in E deferinde ise artma fte sonuglanmigtir, Her
{i¢ un dmeginde de oksidan oranlan artinldikga maksimum direng (Rm), kurve atani (A} ve Rm/E deederi de artrmigtir. Orse 6meginin RnvE de-
Geri harig, btlin un dmeklerinde surfaktan oranlarinin artigi ile Rm, A ve Rm/E degerler, kontrol 6mekleri ile kargilagtirddiinda Snemii dlgide
artmigtir.

ABSTRACT: The affects of oxidizing agents {potassium bromate, ascorbic acid), reducing agent (L-cysteing) and surfactants (SSL and DA-
TEM) on the rheclogical properties of flours of three bread wheat cultivars were studied using Brabender farinograph and extensograph. Gene-
rally increasing levels of ascorbic acid and potassium bromate (KBrO3) did not affect the water absomtion values. Ascorbic acid and KBrO, had
skghtly improving effect on dough mixing properties of the cultivars with strong and medium gtuten quality. Improving effect of ascorbic acid was
more noticeable than thal of KBrQ,. The strangthening effects of surfactants were evident on some of the dough mixing parameters especially on
stability, mixing tolerance index and valorimeter values of all cuitivars. However, SSL caused a reduction in watar absorption values of Bezostaya
and Kuag flours and an excessive increase in their stability values. Oxidant supplementation resulted in significant decreases in extensibility (E)
values of Bezostaya and Crso flours while the E values of Kirag increased. Maximum resistance (Rmj), area under the curve (A} and Rm/E valu-
es of all flours have alse increased with increasing oxidant levels. Rm, A and Rm/E values of ail cultivars significantly increased with the increa-
sing surfactant levels as compared to control samples except Rm/E values of Orso cultivar.

INTRODUCTION

Dough is a principal intermediate stage between the raw material, flour and the final product bread. The
rheological properties of dough are extremely important to the baker. The machining properties of dough (e.g. di-
viding, rounding, sheeting and molding) and the final quality of bakery products are affected from rheological pro-
perties. Therefore, the study of rheological properties is a very important subject for cereal scientists (BLOKSMA,
1971). '

A number of ihgredients are used under the category of "dough conditioners" since their inclusion in a for-
muta alters the rheological properties of dough. Dough conditioners as bakery additives have been highly benefi-
cial to the food industry, particuiarly large scale bakeries. They allow the baker to compensate for large differen-
ces in flour quality. Three commonly used dough conditioners are oxidants, reductants and surfactants. Oxidi-
zing agents have been used as most common bread improvers throughout the world. Addition of oxidants at opti-
mum levels to fiour or dough normally results in improved dough handling and bread quality (YAMADA and
PRESTON, 1982). During the mixing, oxidizing agents convert SH groups on the gluten proteins to SS linkages
between adjacent molecules building up the gluten matrix and providing a stronger dough. Sometimes, flour glu-
ten strength is so great that the resulting dough is too tough and can not be molded. Such doughs are too strong
because of too many cresslinks. This problem may be overcome by adding reducing agents that rupture a certa-
in portion of the disulfide bonds. The most commonly used reducing agent is L-cysteine (STAUFER, 1983). Sur-
factants have also been used as dough conditioners to improve dough properties and baking performance resul-
ting in uniform, high quality baked products over a wide range of processing conditions (BIRNBAUM, 1977).
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The objective of this study was to investigate the effects of oxidizing, reducing agents and surfactants on
the rheological properties of flours of three bread wheat cultivars with different gluten strengths.

MATERIALS AND METHODS

Materials

Three different wheat varieties, Bezostaya (hard red winter wheat), Kirag (medium hard white winter whe-
at) and Orso (soft red wheat) were chosen to represent wheats that possess strong, medium and weak physical
dough properties, respectively. The wheat samples were cleaned on a Carter Dockage Tester, and the wheat-
bug (Eurygaster spp. and Aelia spp.} damaged kernels are separated by hand picking. The hectoliter weight was
determined using an Ohaus test weight apparatus and reported on an as is moisture basis. The 1000 kemnel we-
ight was determined by counting the number of seeds in 20 g of grain and reported on a dry basis (ULUOZ,
1965). All of the tests on grain samples were performed in triplicate and the average values are reported. The
wheat samples were milled into straight-grade flours in a Buhler laboratory mill.

Two oxidizing agents (potassium bromate and ascorbic acid) and a reducing agent (L-cysteine) were ad-
ded to the flour samples at the 50, 100 and 150 ppm levels. The surfactants used included sodium stearoyl lact-
ylate (SSL) and diacetyl tartaric acid esters of mono- and diglycerides (DATEM). The surfactants were added di-
rectly to the flours at the 0.5%, 1.0% and 1.5% levels and thoroughly blended into the flours in the dough mixer.
The effects of these additives on the rheological properties of the fiours were evaluated by using farinograph and
extensograph,

Rheological Analysis

For the determination of water absorption, dough development time, stability, mixing tolerance index and
valorimeter values of the wheat flours, a Brabender farinograph equipment with a 50 g mixing bowl (AACC App-
roved Method No: 54-21) was used (ANONYMOUS, 1983). Evaluation of farinograms was done according to
SHUEY (1984).

The Brabender extensograph was used to test flours for extensibility (E}, maximum resistance (Rm) valu-
es and area under the curve (A) by AACC Approved Method No: 54-10 (ANONYMOUS, 1983) The extensog-
raph procedure was modified according to HOLAS and TIPPLES (1978). Dough extension curves were obtained
at rest periods of 45, 80 and 135 min. Only the final rest period was utilized for comparing tlour properties. The
ratio value {(RnvE) was calculated from the value of maximum resistance and extensibility.

Statistical Analysis

Data related to extensibility, maximum resistance, area and ratio values were analyzed for variance using
the MSTAT statistical package (ANONYMOUS 1988). When significant differences were found, the LSD (Least
Significant Difference) test was used to determine the differences among means.

RESULTS AND DISCUSSION

The hectoliter weights of Bezostaya, Kirag and Crso cultivars were 79.1, 81.5 and 78.1 kg/hl respectively.
The 1000 kernel weights of Bezostaya, Kirag and Orso cultivars were 34.0, 32.4 and 32.4 g, respectively.

The effects of all additives on the farinograph water absorption, dough development time, stability, mixing
tolerance index and valorimeter values are shown in Table 1 for three wheat cultivars. Water absorption values
did not seem to be affected from increasing levels of oxidizing agenis for Bezostaya, Kira¢ and Crso cultivars ex-
cept the water absorption value of Orso at 150 ppm ascorbic acid level. Ascorbic acid had slightly improving ef-
fect on dough development time, stability, mixing tolerance index and valorimeter values of Bezostaya and Kirag
cultivars. The dough development time values of the present study are in agreement with those presented by
LANG et al. (1992) obtained using mixograph. The effects of ascorbic acid on dough development fime, stability
and mixing tolerance index values of all cultivars were generally more noticeable than the respective values of
KBrO,. Utilization of KBrQOs in breadmaking has been banned in various countries including Turkey because of
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perceived health risks. Baking industry was therefore required to find an alternative oxidizing agent. Various stu-
dies indicate that ascorbic acid could be used successfully as an improver for dough preparation instead of
KBrO, (LORENZ et al., 1995). This is confirmed by the results of the present study. Ascorbic acid itself is a redu-
cing agent. During dough mixing it is rapidly oxidized enzymatically to dehydroascorbic acid which react with flo-
ur proteins much like any other oxidizing agent (TSEN, 1964).

As the level of L-cysteine was increased from 0 to 150 ppm, all farinogram properties especially mixing
tolerance index, were deteriorated considerably. Increasing additions of L-cysteine caused dough development
time to decrease (Table 1). This agrees with the work by WEAK et al. (1977) and LANG et al. (1982) but their
work was performed by using mixograph. The adverse effect of L-cysteine was more drastic in the strong gluten
cultivar, Bezostaya.

As shown in Table 1, the surfactants had strengthening effects on the stability, mixing tolerance index
and valorimeter values of all cultivars, All supplementation levels of SSL resulted in lower water absorption valu-
es in both Bezostaya and Kirag flours. SSL had undesirable decreasing effect on development time and excessi-
ve increasing effect on stability values of Bezostaya and Kirag flours above 1.0% and 0.5% levels, respectively.
Various workers reported similar results for dough development time (WATSON and WALKER, 1986) and stabi-
lity {TSEN and WEBER, 1981}. The high stability values of Bezostaya and Kirag cultivars at these levels indica-
ted that the doughs would not develop and are considered as too strong for bakery use. Although the farinog-
raph properties of the weak cultivar Orso (especially stability and mixing tolerance index values} improved
slightly by adding SSL and DATEM, the doughs were still weak. This observation indicates that this cultivar can
not be used successfully for breadmaking unless it is blended with a stronger one.

The effects of both KBrO5 and ascorbic acid on the extensogram E, Rm, A and Rm/E values are shown
in Table 2 for three different cultivars (CELIK et al., 1996). When the Bezostaya and Orso flours were supple-
mented with KBrOz and ascorbic acid significant decreases {p< 0.05) were observed in the extensibility values
as compared to respective control samples. However, E values of Kirag flour were increased significantly at the
50 ppm level and above this level decreased for both oxidizing agents, but they were generally higher than the
respective control samples.

As the oxidant levels were increased, Rm, A and Rm/E values of all flours increased significantly (p <
0.05) as compared to corresponding control samples {Table 2) which is in generally in agreement with the rela-
ted literature (PYLER, 1973). The increases in Rm and Rm/E values of Bezostaya doughs were more pronoun-
ced than other flours. The effects of ascorbic acid on Rm and A values of all cultivars were more noticeable than
KBrO3 except the Rm values of Crso flours.

The ratio value, which is obtained by dividing maximum resistance (Rm) by extensibility (E) serves as an
index of gluten quality. A higher value indicates buckier dough. The suitable combination of resistance and ex-
tensibility values results in desirable dough properties (WALKER and HAZELTON, 1996). For all cultivars both
oxidizing agents had improving effect on Rm/E value at all addition levels. However, for the Bezostaya cultivar
which has strong dough properties, addition of KBrO5 above 50 ppm leve! and all addition levels of ascorbic acid
resulted in bucky doughs.

It was not possible to draw extensograms of L-cysteine supplemented flours due to the drastic reductions
in Rm values and excessive increases in E values (data not presented). These changes are caused by the clea-
vage of disulfide bonds and depolymerization of gluten proteins.

The effects of both SSL and DATEM on extensogram E, Rm, A and Rm/E values are shown in Table 3
for the three wheat cultivars. Although the effects of both surfactants on the E values of extensograms were not
statistically significant for Bezostaya and Orso cultivars, the E values of Kirag were increased significantly at
0.5% level, but did not change above this level for both surfactants. As the surfactant level was increased, Rm, A
and Rm/E values of all cultivars were significantly increased {p < 0.05) as compared to respective contro! samp-
les except Rm/E values of Orso cultivar. The increase in the elasticity due to addition of surfactants agrees with
the related literature (PYLER, 1973). The effects of SSL on Rm, A and Rm/E values of Bezostaya and Kirag cul-
tivars were slightly better than DATEM. However, effects of these surfactants were similar on Rm, A and Rm/E
values for Orso cultivar. As expected, the Rm/E values of all surfactant supplemented doughs were lower than
the oxidant supplemented ones due to their softening effects.
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