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Abstract

The guality of the buckwheat bread made with previcusly heated (55°C) and cooled buckwheat flour dough with
the addition of ascorbic acid (AA) or/and sodimm stearoy! lactylate (SSL) was evaluated. With heat treatment, han—
dling property of dough and grain of the bread crumb were markedly improved and stickiness of the dough de-
creased. The optimum resting time to produce the best loaf volume and grain was found to be 3hr for both unheated
and heated doughs. Heat treated dough showed higher dough expansion rate during fermentation than unheated
dough, even though heated dough had lower loaf volume, probably because of an immproper oven spring. Increase
in shortening of dough formula from 3% to 5% improved loaf volume without improvement of handling property.
With the addition of 100 ppm AA or/and 0.5% SSL, loaf volume and crumb grain were improved for botb unheated
and heated doughs. Microscopic analysis of a mixed dough by scanning electron microscope (SEM) showed that
heated dough had a centinuous network whereas unheated dough was discontinuous. The addition of AA and SSL
zave the dough a more continuous structure with strengthened strands or interactions between the starch granule
and protein. Therefore, it appears that the presence of continuity in heated buckwheat bread dough is related to

the improved loaf volume and crumb grain without dough stickiness.
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INTRODUCTION

Wheat dominates breadmaking all over the ward. However,
demand for whole wheat bread and other types of bread made
from cereals other than wheat, increased considerably in the
last few years because of the better nutritional image and an
increasing preference for their organcleptic characteristics (1).
Usually such breads are made from wheat flour mixed with
flowrs from other cereals. It is desired to promote the utilization
of nonwheat cereals among the larger segment of populaticns
and to improve the protein content in these products. Wheat
flonrr 1s unique among cereal flours. It can form a strong vigco-
elastic dough that retains gas produced during fermentation
and the early stages of baking resulting in light-textured prod-
uets (2). Wheat gluten proteins are believed 1o be primarily
responsible for the uniqueness of wheat flour dough (3).

(Generally, the ability of cereal flours other than wheat to
retain gas was known to be low because of a lack of gluten
proteins. Negative effects of nonwheat cereal flours on dough
handling and the quality of finished products were reported,
suggesting that rheological properties are significant in bread-
making. Problems that have been reported include excessive
dough stickiness, low dough mixing tolerance, and reduced
hread volume (4-9). Although ryve flour is second only to wheat
flour in its ability to retain gas, the extent of gas retention
is limited. Pure rye dough tends to he sticky, and the hreads
are very compact. Therefore, rve flours are usually blended
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with various ammounts of wheat flour for bread production in
Canada and the United States (10). To overcome the velume-
depressing effect of nonwheat cereals on breadmaking, various
gums and surfactants have been used successfully in breads
made with wheat starch and cther cereal flours and starches
(7.11-13).

The dough stickiness problem is of particular concern to
large mechanized bakeries where it can result in costly dis-
Tuptions to production schedules and in loss of product quality.
Rheclogical properties of the materials depend on thelr structure
and on the arrangement of the constituents and the forces acting
between them. The rheological properties of & wheat flowr dough
system are analogus to the properties of gluten. Specific non-
protein components of flour interact with specific proteins of
gluten and contribute significantly to their rheclogical prop-
erties {14).

The rheological properties of most materials are highly sen—
sitive to temperature (15}, Heating causes changes in the func-
tionality of foods (16). Such changes may be closely associated
with alterations in the chemical form of the major constituents
present. Dough 1s no exception. Ambient temperature frequency
scans of heated and cooled flour-water doughs showed that
ireversible rheological changes were caused by heating dough
to 55~75°C when a dynamic rheometer was used (17). Starch
gelatinization, ghiten cross—linking, or both are possible expla-
nations for the thermally induced rheological change,
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Buckwheat flour exhibits relatively low cohesion, therefoce
resulting in sticky weak dough. However, a marked rise in the
hardness, cohesiveness and springiness of the buckwheat dough
was found on heating (18). The objective of the present study
was to demonstrate and document the quality of buckwheat
bread made with previcusly heated and cooled buckwheat flour
dough and the possihle usefulness of heat treatments in buck-
wheat flour bread making and dough additives such as sur-
factant and ascorbic acid on deugh expansion rate during
fermentation, handling property and loaf volume.

MATERIALS AND METHODS

Materials

Wheat flour was a commercially-milled strong bread flour
provided by Shinhan Flour Mill, Co. Milied buckwheat flour was
obtained at the Bongpyung Agricultural Co-Operative. The
buckwheat flour was stored in a freezer untii use. Ascorbic
acid (AA) was a product of Sigma. Sodium stearoy] lactylate
{SSL) was provided by Pals Gaard, Co. Table 1 shows the
dough ingredients as weight parts of flour.

Breadmaking

Strong wheat flour (70%) and buckwheat flour (3095} were
used for making bread. The straight-dough hake test proce-
dure in the standard AACC metheds (19) was followed to pro-
duce bread. Part of the formula water was added to the buck-
wheat flour and mixed. Heat treatment of buckwheat dough
was heated in a 55°C water bath (Jeio Tech Co., Mode}l No :
WB-30D). Heat treated buckwheat dough was rested at refrig-
eration temperature for 1, 2, 3, 4 and 24 hr. Unheated buckwheat
dough was rested at room temperature for 0, 1, 2, 3, 4 and 24
hr. Buckwheat dough and ingredients were mixed to optimum
in a mixer (Hobart Mode! : H-3341, USA), Temperature of
the dough from the mixer was controlled at 27£1°C. The dough
was fermented in a proof cabinet (Dae-Yung Machinery Co.,
Korea) at 30°C and 75% RH for 60 min. After fermentation, it
was divided into loaf-sized pleces, rounded, molded into a loaf
shape, and placed into a haking pan. The dough then under-
went an additional fermentation (proofing) to reach 1 cm above

Table 1. Ingredients of dough

Ingredients Ratios (36)
Wheat 70
Buckwheat 30
Yeast 1.3
Sucrose 6
Salt P
NFDMY 3
Shortening 3
3517 05

AAY 0.01 (100 ppm)
Water Variable

UNFDM (non-fat dry milk)
?’SSL (sodium stearyl lactylate)
YAA (ascorbic acid)

the pan. After reaching the desired size, it was placed in the
oven {Hobart Model : HEC-404, USA) and baked. After baking,
loaves were cooled, and then loaf volume was estimated hy the
displacement of millet seeds. A summary of a straight dough
baking procedure is shown in Fig. L

Dough stickiness measurement

Dough stickiness for each sample was measured with an
objective method (20) and compared with subjective evaluation
(handling property) taken at dough mixing. A Texture Analyser
{mode] TA-XT2, Stable Micro Systems, England) was used
in this study to provide a constant compression force and to
measure the tension force. The TA-XT2 library program No.
3 {adhesives test) was used. The compression force selected
was 40 g-force. The diameter of the plexiglass probe was 25
mm. The trigger force was set at b g~force. The compression
travel speed for the nrobe was 2.0 mmy/s. The probe reversing
speed was 10.0 mm/s, which is the maximum reversing speed
of the texture analyser. The holding time was 0.1 sec. The probe
travel distance was selected as 10.0 mm.

Weigh ingredients
b
Mix buckwheat flour with water

1
Heat trellcztment (55°C)

1
Resting
!
Mix dry ingredients {except H.Q and shortening)
4

Add buckwheat flour dough
|

Add restv of water
Mix (3 min at speed%l, 2 min at speed 2)
Add shf)rtening
Mix (2 min at speed lll, 6~7 min at speed 2)

Determine dough temperature (271 1°C)

1
No heat treatment
o

Put dough into fermentation cabinet (30°C, 75%) for 1hr
}
Punch

i
¥

Scale dough into pieces (126g per piece)
i
Round dough piece and rest for 10 min
}
Mold
{
Pan

Proof of height (1 cm above pan)

1

Bake at 180°C for 15 min

Fig. 1. Flow chart of straight dough baking procedure.
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Scoring dough bandling properties

Dough handling properties were scored using a five—paint
scale (21), The scoring criteria were a8 follows: 5, good douph-
handling properties{as good as white flour dough): 4, dough can
he handled without difficialty when hands are lightly greased:
3, dough can be handled with slight difficulty when hands are
greasect 2, dough can be handled with slight difficulty when
hands are greased and slight amount of dusting flour is
applied: and 1, dough is difficult to handle even when hands
are greased and dusting flour is applied.

Dough expansion rate

The increasing helght of the dough In the mass cylinder
was measured every 10 min during fermentation. The volume
of expansion was obtained from the height increment of the
dough.

Crumb structure by visual observation on a scale

Crumb structure of one-day -old bread was rated by visual
chservation on a scale of satisfactory (5), questionable to sa
tisfactory (Q-$), questionable (Q), questionable to unsatisfac-
tory {Q-1), and unsatisfactory (U by Park et al. method (22).
The highest score of satisfactory was for crumb with small
holes and thin cell walls, whereas the lowes{ score of un
satisfactory was for crumbs with large holes and thick cell
walls.

Scanning electron microscopy (SEM)

Chservation of the microstructure of dough was done on 2
Hitachi scanning electron microscope (Model @ 5-2400). Samples
were prepared as follows. After mixing, bread dough was frozen
by hiquid mitrogen. The frozen dough was cracked and freeze
dried in a freeze drver (II SIN Engineering Co., Korea). The
mounted sample was coated with a thin layer of gold, and
viewed at 20-22KV and magnifications of 500 and 1500.

Statistical analysis

All experiments were repeated at least three times, Statisti-
cal analyses were performed hy using the SPSS (Statistical
Package for Soclal Science), Means were compared by the
cast significant difference (15D test at o =005,

RESULTS AND DISCUSSION

Determination of optimum absorption

Absorption was the amount of water required to bring the
dough to proper viscoclasticitv. The best loaf volumes were
obtained with the 64~65% water level which did not produce
an excessively sticky or bucky dough. The consistency was
tested subjectively and objectively by an experienced operator.
Differences in absorption hetween the heated and unheated
dough might be attributed to the swelling of starch granules
in the buckwheat flour.

Effects of heat treatment and resting time
In general, hot water (70~90°C) had been used for buck-
wheat noodle-making with mixed flours of buckwheat (10~

5084) and wheat flour or corn starch because it is difficult to
shape the noodle due to the lack of viscoelasticity in buck-
wheat flour using room temperature water (23). Undoubtedty,
rheological characteristics were also considered to piay an im-
portant role in the palatahility, acceptability and machinahility
of buckwheat bread (24}, Hot water was used to atternpt to
improve the handling property of buckwheat bread dough.
[t was found that loaf volume did not change as the dough
was heated up to 55°C and the volume decreased at 65°C {data
not shown). Thus, 55°C was chosen to be suitable heating
temperature of the dough for the following studies. Similar re-
sults were also obtained with buckwheat noodles made from
buckwheat flour dough heated at 55°C, which resulted in ac-
ceptable hardness (18). Thermal processing around 55°C may
be closely associated with the rheology of the buckwheat flour
dough.

As shown in Table 2, handiing property and grain of the
bread crumb were mmproved markedly and stickiness of the
dough also decreased with heat treatment. Eventually, the dough
appears fo become more cohesive and extensible. However,
there was a depressing effect on loaf volume. Optimum mixing
time required for fully developed dough changed slightly. Pre-
vious work with gluten-starch doughs {17) was reported that
rheological changes occuring as the dough was heated from 55
to 75'C were the result of changes in the starch fraction, pre-
sumahly because of starch gelatinization. Heating a ghluten-
water dough to 80°C increased the gluten’s mixing time, still
being cohesive and extensible. One possibility is that the
changes in the surface of the starch granules induced by heat
treatment affect the gluten proteins” ability to interact with each
other to make random mixtures of protein fibrils with adhering
starch granules in such a way that mixing requires much more
mechanical work.

Handling property of heat-treated buckwheat fiour dough
was sfill not as good as white wheat flour dough’s handling
property although it was much better than that of unheated
dough. Dwing the resting time, the rheclogical properties of
buckwheat dough could be changed (25). The bread properties
for different doughs with different resting times are shown
in Table 2. Loaf volume and handling proprety improved with
resting, but the values of stickiness were not affected. The
best loaf volume was obtained with the 3 hr resting for the un—
heated dough. As resting time increased, heated dough show-
ed a small increase in loaf volume, whereas handling property
was as good as white wheat flour dough, Improvement of the
bread quality could be explained as follows. The increase in
loal velume with resting could be related to the the formation
of new cross-links in the nonequilibrium entangled network
during resting (25). Improved dough handling property could
be also explained by the fact that during the development
stage in dough mixing, the leng molecules are stretched to an
extended configuration, whose extended molecules tend to re-
tract and viscosity was increased during resting. One might
also speculaie that bran in buckwheat flour could absorb more
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Table 2. Effect of resting time of bread dough in part on bread property

Resting time Mixing time Water absorption” Volume Grain scoring® Stickiness Handling”
(hr) {rnin} (%) {ee) scorng (g} property
0 13 64 330.0° 3 0.420 2
i 13 64 354.2° 3 0415 25
2 13 64 364.2% 3 0.401 3
No heat treatment 3 13 64 8733 3 0425 3
4 13 64 360,07 3 0.402
24 13 64 387.5% 25 0.472 15
1 14 65 43,3 4 0.351 4
2 14 65 336.7 4 0.375 5
Heat treatment 3 14 85 3625 4 0.365 5
4 14 65 355,0° 35 0.378 45
24 14 65 356.7" 4 0.375 4

YRased on the weight of flour.

YCrumb structure of one-day—old bread by visual observation on a scale: 1, satisfactory (8); 2, questicnable to satisfactory (Q-8); 3, ques-
tionable (Q), 4, questionable to unsatisfactory {Q-U); 5, unsatisfactory (U). The highest score of satisfactory was for crumb with small holes
and thin cell walls, whereas the lowest score of unsatisfactory was for crumb with large holes and thick cell walis,

)Scoring dough handling properties; 5, good dough-handling properties (as good as white flour dough); 4, dough can he handled without
difficulty when hands are lightly greased; 3, dough can be handled with slight difficulty when hands are greased: 2, dough can be handled
slight difficulty when hands are greased and slight amount of dusting flour is applied: and 1, deugh is difficult to handle even when

hands are greased and dusting flour is applied.

"*Means of six replicates in which the same superscripts in each column are not significantly different (p<0.05).

free water during the resting time, Improving the handling
property. When bran was added to bread dough, presoaking
the ground bran improved leoaf volumes because the rate of
water uptake by the bran was relatively slow (26). The other
possibility is that endogenous lipexygenase in bran of buck-
wheat flour functions, improving the rheological properties of
dough, presumsbly by oxidizing protein sulfhydryl groups
(26-29),

No further increase was observed in loaf volume, grain and
handling property when the dough rested for more than 3 hrs.
During the 4, 24 hrs resting, the loaf volurme did not further
increase and handling properties of the dough hecome rather
poor. This detrimental effect may be accentuated by the pres-
ence of undesirable enzymes or constituents that interact
strongly with gluten proteins and thereby inhibit development
of desirable rheological properties in the buckwheat flour.

The optimum resting time to produce the best loaf volume
and grain was found to be 3 hr for both unheated and heated
doughs.

Effect of shortening, SSL, and ascorbic acid {AA)
To improve the hread quality further, various levels (3, 5, 796)
of shortening, 05% SSL and 100 ppm AA were added to

Table 3. Effect of shortening on bread property

the dough formula, Increase in shortening of dough formula
improved loaf volume (Table 3). Its effect on the loaf volume
was expecially greater for 72 shortening added whereas han-
dling properties become sticky and iess desirable as the amount
of shortening increase. Optimum ievel of shortening was found
to be 5%, concerning acceptable loaf volume, crumb grain and
rheological properties of doughs. Thus, the majior effect of add—
ing shortening to bread dough is an increase in the volume
of the bread.

When dough from moderately matured flour is treated with
appropriate levels of oxidants, they become more elastic and
resistant to extension and less sticky and more lively than un-
treated dough (30}, Ascorbic acid has been used as an oxidiz-
ing flour improver which is believed to have beneficial effects
due fo the oxidation of cysteine residues in gluten proteins
to form disulfide bridges which cross-link and strengthen the
protein (31). The resulting change in protein structure is hy-
pothesized to account for the changes in dough properties (eg.,
improved gas retention) and the improvement in the quality
of baked loaf (32). With the addition of 100 ppm AA or 0.5%
surfactant, SSL, loaf volume and crumb grain were improved
for both unheated and heated doughs (Table 4). It has been
found that oxidants and heat treatment both cause the number

Shortening  Mixing fme Waler absorption Volume Grain scoring Stickiness Handling

(%) (min) (%) {ce) frain. sconng {g) property
3 13 64 /RS 25 0.404 3
Ne heat treatment 5 13 64 3%6.7 3 (.402 3
7 13 64 3342 25 0.411 2
3 14 &5 3B17 4 0,337 5
Heat treatment 5 14 85 a7y 4 0.356" 45
7 14 65 3817 35 0.392° 3

“*Means of six replicates in which the same superscripts in each colurmn are not significantly different (p<0.05)
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Table 4. Effect of oxidant and emulsifier on bread property
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Shortening .1 Mixing time Water absorption Volume .. . Stickiness Handling
(95  Additive (min) (%) (ccy ~ Craim scoring T, property
Control 13 64 358" 25 0.404" 3
4 AA 14 64 3725° 35 0.346" 3
No heat ; SsL 14 64 375.8" 1 0.300° 3
Freatment AA+SSL 14 6 3817 4 0.322° 3
5 AA+SSL 14 M 400.0° 4 0.358" 3
Control 14 65 BLT 4 0.337 5
5 AA 15 65 350.2% 45 0.350 5
Heat : SSL 15 65 36507 5 0.336 5
treatment AA+SSL 05 85 3692 45 0.354 5
5 AASSLL 15 6o 305.0° 0.344 3

UControl=non additive, AA=ascorbic acid, SSL=sodium stearoy] lactylate
Neans of six replicates in which the same superscripts in each column are not significantly different (p<0.05).

of cross-links to increase (33). According to Krog (34), sur-
factant can function as dough conditioners in two ways. First,
surfactant molecules may interact with gluten proteins by
means of their hydrophobic and/or hydrophilic groups. Sec-
ond, surfactants can interact in bulk form with the dough's
water phase, forming lamellar type lipid-—water structures. Bi-
molecular lipid lavers can associate with both polar and non-
polar surfaces of protein aggregates or stabilize air-water
interfaces. Synergistic effects on loaf volume appeared when
SSL and ascorbic acid were used simultaneously. Maximum
loaf volumes of 400 cc and 395 cc were obtained with the ad-
dition of 526 shortening, 100 ppm AA and 0.5%6 SSL for the un-
heated and heated dough, respectively. The mixing time in-
creased and stickiness decreased, improving the handling prop-
erty of the dough, with the addition of SSI. and AA. Therefore,
the use of additives, AA and SSL., and the increase of short -
ening level up fo 5% could overcome the reduced loaf volume
of bread made from heated dough of which handling properties
were still superior to those of unheated doughs. The resultant
oread also possesses a cell structure with uniformly small,
thin walled cells and a soft texture. Thus, handiing properties
of buckwheat bread dough and the bread quaiity were ac-
ceptable with 5% shortening, 100 ppm AA and 0.5% SSL.

Dough expansion

Optimum fermentation represents that point at which the
effects of interacting factors such as the character of flour, veast
level, temperature, formula ingredients, degree of oxidation,
etc., are in batance (307. When the correctly mixed dough is fer-
mented, two sets of forces come into play: gas production and
gas retention. Gas production primarily involves the biclogical
functioning of veast on available fermentable carbohydrates,
whereas gas retention is largely a measure of mechanical and
physicochemical modifications of the colinidal structure of the
dough during mixing and during the course of fermentation.
It was hypothesized that gas retention is corresponds to dough
expansion {35).

The effects of heat treatment, shortening, SSI, and AA
(oxidant) on the physical properties of dough can be detected

in the expansion of dough in a mass cylinder as shown in
Fig 2, 3 and 4. Heat treated dough showed higher dough ex-
pansion rate during fermentation than unheated dough, even
though heat treated dough had lower loaf volume, probably
because of an improper oven spring. Increase of the amount of
shostening did not increase dough expansion, but the addition
of S5L and AA did. However, loaf volume of resulting bread
increased as the level of shortening increased, possibly due
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Fig. 4. Effect of additives on dough expansion during fermentation
upon heat treatment, @ SSL, m AA, a: SS5L+AA, & Control

to good expansion in the early stages of baking. These results
may be interpreted in terms of the effect of shortening on oven
spring as reported by some workers. Flton and Fisher (35}
postulated that doughs made with and without shortening typ-
ically proof to the same height but differ greatly in final vol-
ume. Doughs made with shortening have shown to continue
to expand for a longer time (to a higher temperature) during
baking, thus attaining a larger volume than doughs made with-
out shortening (36,37). They suggested three possible mecha-
nisms for the shortening effect on increased time of loaf ex-
pansion and resultant increased volurne. First, addition of short-
ening may alter dough permeability to water vapor and/or car-
bon dioxide. Second, shortening may delay the increase in ap-
parent viscosity of the dough during starch gelatinization, Third,
shortening may delay irreversible changes such as protein de-
naturation. Probably, SSL and ascorbic acids may form strong
bonds with the flour proteins or surface of starch granules in
the dough development stage, resulting in dough having viscous
flow properties and, therefore, allowing the gas bubbles to ex-
pand. The total volume of the dough mass is Increased or in
other words, the dough is leavened. Understanding the struc-
ture of the dough system needs to be challenged.

Scanning electron microscopy (SEM)

Microscopic analysis of a mixed dough, carried out in a
scarming electron microscope, showed that unheated dough
has relatively discrete particles with discontinucus structure,
whereas those of heated doughs are not free (Fig. 5). Instead,
heated dough has a continuous network with little organization.
Visually, the size of swollen starch granules in heated dough
does not appear to be different from those of unheated dough.
Neverthless, heating may cause starch granule flexibility {frag-
ile), which renders it susceptable to breakage. By mixing and
thus more random mixture of protein fibrils with remnants of
swollen starch gramile become cloge to the structure of 100%
wheat flour dough. Microstructure of heated dough with the
addition of 100 ppm AA and 0.5% SSL shows clearly increased
networking. The possihility may exist that the addition of
AA and S5L gives the dough more confinuous structure with
strengthened strands or interactions between the starch granule

and protein. AA probably altered the properties of the dough.
Oxidation of the formation of S5 cross-linkage is likely {33).
It appears that the presence of continuities in dough is related
to the improved handling property and increased strand network
with strong dough resulting in improved loaf volume and crumb
grain,
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