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The composite flours were created from basic wheat flour
and from buckwheat and millet flours used as additives in
the weight ratio of 5-30%. Basic technological parameters of
flours (ash content, wet gluten, gluten swelling, sedimentation
index, falling number), rheological properties of dough, and
sensory parameters of baked bread loaves (weight, specific

volume, aroma, taste, structure) were studied. Additives influ-
enced all traits of flours, doughs, and baked breads. From the
technological and sensory points of view, baked breads with
the addition of buckwheat were accepted up to the addition of
20% and breads with millet up to 5% (even though taste and
flavour were accepted up to 15% addition).
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Nutrition manner is one of fundamental factors in-
fluencing physiological status of living organisms. Be-
sides the starvation problem in developing countries,
foods can solve there also deficiency of microelements
(e.g. Fe, Zn, I, vitamin A) in nourishment, e.g. by forti-
fication of wheat flour with absenting elements or com-
pounds, respectively (Akhtar et al. 2011). On the con-
trary, food scientists and producers in developed coun-
tries also try to conduct at present different projects for
enhancing health benefit to consumer’s organism by so
called functional foods. There is no versatile and com-
monly accepted definition of functional foods (Hasler
2002), nevertheless according to the European ap-
proach functional foods are those which demonstrate
beneficial effects on health and welfare and could re-
duce a risk of prevalence of serious diseases. From a
practical point of view, the functional food is also the
food to which specific compound was supplemented to
improve beneficial effects or the food in which some
of compounds was substituted by alternative one with

a favourable trait (Howlet 2008). Food supplements
or additives are substances of various chemical status
and different physical traits appropriate for modifica-
tion and balancing taste, flavour, appearance, consis-
tence, durability, and nutrients content in food. Marco
and Rosell (2008) tested composite flours wheat-pea,
wheat-soybean and others and stated that a very sim-
ple approach to create composite flours for production
of improved and functional bakery products is to add
flours or extracts from seeds of another plant species to
basic, mostly the wheat flour. In this respect, very inter-
esting is the flour from buckwheat (Fagopyrum escu-
lentum Moench) grains containing 7-21% of proteins,
moreover reach of lysine, and moderate level of sterols
positively affecting a cholesterol level in blood (Chris-
ta & Soral-Smietana 2008). The starch from buckwheat
grains contains 15-25% of amylose and the content of
total dietary fiber is around 7%. There are also rela-
tively high levels of chemical elements such as potas-
sium, magnesium, calcium, natrium, iron, manganese,
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zinc, and vitamins (B, B,, B,) in buckweat. Further-
more, buckwheat seeds contain interesting biologically
active compounds, e.g. flavonoids (rutin, quercetin,
orientin, vitexin, isovitexin, isoorientin), flavons, phe-
nolic acids, tannins, phytosterols, and fagopyrins. The
rutin content is usually in the range of 12-36 mg per
100 g of dry matter (Christa & Soral-Smietana 2008).
Rutin is able to reduce blood pressure, decrease related
incidental risk of arteriosclerosis, and possesses high
antioxidant activity (Kreft et al. 2000).

Another minor crop the millet (Panicum miliaceum
L.) is considered as a raw material for dietary foods
production. The millet has a favourable ratio of nutri-
ents approaching to the recommended ratio between
proteins, lipids, and sugars (Karabinova et al. 2001).

The wheat flour has a crucial role in manufacturing
baked products including bread as the main one. Wheat
flour mixed with water has a unique attribute to create
dough with three-dimensional structure. Nevertheless,
there are differences (caused mainly by cultivar and
growing conditions) among wheat flour parameters.
They are usually within the range required by relevant
technical norms and working standards or can be ad-
justed to required values by various additives. The raw
material for bakery products, beside primary wheat or
rye flours, can also contain other additives impacting
and regulating technological parameters, moreover es-
sentially influencing functional value of products. The
presumption is that specific compounds of natural ori-
gin used as additives would not have any significant
negative impact on technological parameters of flour
and dough, moreover could improve nutritional and
functional value of final bakery products.

In accordance with this, the aim of this study was
to analyse and compare: i) technological parameters of
composite flours (mixture of major component wheat
flour and added flours from minor crops known as do-
nors of nutritional quality — buckwheat or millet), ii)
rheological parameters of dough made from composite
flours, and iii) quality traits of final bakery products
(breads).

MATERIAL AND METHODS

Composite flours
The major component of composite flour was fine
flour from bread wheat (7riticum aestivum L.) ob-

tained from the mill of company Penam a. s. (Trna-
va, Slovakia). Natural additives used for the study
of composite flours were flours from grains of buck-
wheat (Fagopyrum esculentum MOENCH.) cultivar
Spaginska 1 and millet (Panicum miliaceum L.) culti-
var Unicum (both maintained, multiplied, and provid-
ed by the Genebank of the Slovak Republic, Piestany,
Slovakia). Buckwheat grains were milled after husk-
ing, millet grains were milled whole. The weight ra-
tios (w/w) of buckwheat and millet in composite flours
were in the range of 5-30 %.

Qualitative parameters of flour, dough, and bread

The following qualitative parameters in composite
flours were evaluated: crude proteins using the com-
bustion Dumas method (according to AACC 46-30.01,
2010, AOAC 992.23, 1997, ICC 167, 2000), wet glu-
ten content and gluten swelling (STN 46 1011, part 9,
1988), total ash content (STN ISO 2171, 2006), Ze-
leny’s sedimentation index (STN ISO 5529, 2000),
falling number (STN ISO 3093, 2006), farinograph pa-
rameters (water absorption, dough development time,
dough stability, dough softening 10 min after test start-
ing and 12 min after maximal dough consistency, fa-
rinograph quality number) (ICC—Standard No. 115/1,
1992), and bakery test (PN 01/07 — formula for bread:
flour 250 g, yeasts 12.5 g, sugar 2.5 g, salt 3.75 g, fat
2.5 g, water volume according to water absorption de-
termined using a farinograph).

The flours and doughs were blended in a universal
mixer RM 800 A-B (RM Gastro s. 1. 0., Czech Repub-
lic), fermented for 20 min in a thermostat at 32+1°C,
followed by rolling, leaving for 10 min and dividing
into two equivalent parts. Formed loaves were fer-
mented for additional 25 min at 32+1°C and baked
for 20 min at 230°C (modular oven Domino, Marton,
Slovakia). Evaluation of specific loaf volume (millili-
tre of volume per 100 grams of loaf), loaf weight, and
sensory parameters were evaluated in baked loaves
2 hours after baking and self-cooling. The five-point
hedonic scale (Pokorny 1997) was used by seven ref-
erees trained for sensory evaluation. They assessed
form, crust (colour, thickness, firmness), crumb (col-
our, hardness, size and uniformity of crumb porosity),
aroma, and taste in loaves. The maximal number of
points in evaluation was 53.

The starch content was determined according to
Ewers (STN EN ISO 10520, 2002), lipids by Soxhlet
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extraction (STN 46 1011-28, 1988), and total dietary
fiber using the total dietary fibre assay procedure (Me-
gazyme International Ireland Ltd.) based on the meth-
ods of AOAC 991.43 (1995), AOAC 985.29 (1995),
AACC 32-07 (1995), and AACC 32-05 (1995).

All analyses were done in duplicate. The results
were statistically evaluated by analysis of variance
(ANOVA), multiple comparisons by LSD test using
software Statgraphic Plus 7.0.

RESULTS AND DISCUSSION

Qualitative parameters of composite flours

Quality of bread, bans, rolls, and other baked prod-
ucts depends primarily on qualitative parameters of
basic raw materials, especially quantity and quality of
proteins, proportion of gluten proteins, content and pa-
rameters of starch and enzymatic complex, and other
compounds of plant seeds. The buckwheat flour used
in composite flours emerges as a donor of higher con-

Table 1

Parameters of flours used for development of composite flours

Proteins Starch Lipids .
Source of flour Total dietary fiber [%)]
[%] [%] [%]
Basic wheat flour 13.8 58.2 1.3 3.8
Buckwheat flour 11.0 68.1 1.7 5.6
Millet flour 11.6 63.4 3.6 19.9
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Fig. 1. Ash content in composite flours wheat-buckwheat, wheat-millet (superscripts represent statistically significant differences

at P<0.05)
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tent of starch, lipids, and fiber, millet wholemeal flour
supplied high amount of fiber (Tab. 1). The ratio of
buckwheat or millet in composite flours in the propor-
tion of 5-30% (w/w) expressed changes in basic quali-
tative flour parameters.

Total ash content significantly (P<0.05) increased
in all samples depending on the increased ratio of
buckwheat or millet flour, respectively. The composite
flour with 30% of buckwheat or millet flours contained
by about 60% or 120 % more ash content, respectively
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Fig. 2. Wet gluten content (lines) and gluten swelling (bars) in composite tlours wheat-buckwheat and wheat-millet (superscripts

represent statistically significant differences at P<0.05)
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Fig. 3. Sedimentation index in composite flours wheat-buckwheat and wheat-millet (superscript represent statistically significant

differences at P<0.05)
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(Fig. 1). Ash content increased significantly (P<0.05)
in wheat-millet flour continually, in wheat-buckwheat
only up to the ratio of 15% of buckwheat, then it was
more or less stabilized. The effect of residual ash con-
tent in composite flours caused higher amount of non-
combustible compounds in buckwheat and mainly in
millet blended flours.

The decreasing ratio of wheat in composite flour
significantly (P<0.05) reduced the content of wet glu-
ten (Fig. 2). This is related to the substitution of wheat
proteins (gliadins and glutenins) competent to produce
viscoelastic gluten by buckwheat or millet proteins
which are unable to do this. The wet gluten content
was lower than 25%, i.e. the value required by a rel-
evant technical norm for standard bakery quality grade
in flours with buckwheat or millet ratio >15%, respec-
tively. The gluten swelling significantly (P<0.05) de-
creased at 15% ratio of buckwheat flour or 5% of mil-
let flour, respectively. It may be concluded that each
percent of added buckwheat or millet flour reduces
gluten swelling by approximately 1%. Nevertheless, in
the case that wheat flour is sufficiently strong, neither
addition of buckwheat nor millet flour in the ratio up
to 30% should decrease gluten swelling of composite
flour below the critical value of 13 ml (Fig. 2).
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Both the protein content and gluten quality corre-
late to sedimentation index. This parameter of compos-
ite flours decreased significantly (P<0.05) along with
reduced content of wheat gluten proteins and increased
ratios of buckwheat or millet proteins. Nevertheless,
the impact of buckwheat flour on the sedimentation
index value was lower in comparison to millet flour
(Fig. 3). Flours with millet ratio >15% had a lower
sedimentation index than is the minimal value of 22
ml required by the relevant technical norm for food
wheat (STN 46 1100-2, 2004). In contrast, sedimenta-
tion indices of flours with buckwheat in all ratios were
above this limit.

The falling number as the parameter of amylolytic
activity of grain enzymatic complex increased signifi-
cantly (P<0.05) by addition of >15% of buckwheat or
>10% of millet flour (Fig. 4), which indicates that both
buckwheat and millet flours could be used as additives
enhancing falling number of wheat flour less usable for
bread-making, e.g. the flour produced from wheat cul-
tivated in wet climatic conditions and moreover from
cultivars sensitive to sprouting.

Rheological parameters of composite flours
Farinograph parameters of wheat flour also stron-
gly affect the content and type of proteins (Khatkar
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Fig. 4. Falling numbers in composite flours wheat-buckwheat and wheat-millet (superscripts represent statistically significant

differences at P<0.05)
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et al. 1996; Skendi et al. 2010). The farinograph pa-
rameters of created composite flours determined in our
study are given in Table 2. Increased content of buck-
wheat or millet decreased non-significantly (P<0.05)
water absorption. Bojilanska et al. (2009) investigated
that the addition of buckwheat up to 20% decreased
water absorption, addition of 30% did not affect it, and
addition of 40% and 50% increased this parameter in
comparison with control wheat flour. On the contrary,
Nikoli¢ et al. (2011) detected non-significant increas-
ing of water absorption in composite flours contain-
ing 3-30% of buckwheat flour. Hadnadev et al. (2008)
found moderate reduction of water absorption in mix-
ture with 50% of buckwheat but moderate increase in
mixture with 75% of buckwheat. These and our results
support that the addition of buckwheat flour more or
less influences water absorption of composite flours
and millet addition reduced this parameter.

The time of dough development decreased af-
ter addition > 20% of buckwheat or >10% of millet.
Bojnanska et al. (2009) and Nikoli¢ et al. (2011) ob-
served extension of dough development time by ad-

dition of buckwheat flour. But unlike our experiment
where flour milled only from single buckwheat culti-
var (Spacinska 1) was used, Nikoli¢ et al. (2011) used
unknown buckwheat flour or flour mixture bought on
the local market. The dough stability in composite
flours with buckwheat addition was markedly higher
than documented by Nikoli¢ et al. (2011). The mil-
let flour addition up to 20% decreased dough stabil-
ity, the additions of 25% and 30% increased this pa-
rameter. The dough softening values after addition of
both the buckwheat or millet flours were around the
value of control wheat dough. The farinograph quality
number (FQN) should be determined from the shape
and progress of the farinographic curve. Samples with
buckwheat addition reached roughly double FQN val-
ues compared to control wheat flour. FQNs indicate
that increasing FQN influences dough stability and
dough softening parameters. Nikoli¢ et al. (2011) ob-
served the same positive effect of buckwheat flour on
FQN but relations to other flour parameters did not
reveal. The FQNs of wheat-millet flours were lower
in comparison to control wheat flour, except the addi-

Table 2

Rheological parameters of dough from composite flours wheat-buckwheat and wheat-millet

. Dough softening
Dough Dough softening 12 min after Farinograph
Water development Dough stability | 10 min after test . g P
. . . . maximal quality
Flour absorption [%] time [min] starting .
. consistency number
[min] [BJ]
[BJ]

Control flour (wheat) 54.8 1.7 2.7 75 82 34
5% buckwheat 54.6 1.7 5.9 48 67 75
10% buckwheat 54.2 1.7 6.4 51 71 78
15% buckwheat 54.0 1.7 6.1 56 76 73
20% buckwheat 53.9 1.2 5.4 71 89 63
25% buckwheat 533 1.3 5.8 66 84 68
30% buckwheat 52.6 1.3 5.3 67 84 63
Control flour (wheat) 55.6 1.8 2.7 61 75 38
5% millet 53.4 1.9 2.2 67 80 32
10% millet 53.1 1.4 1.5 73 87 25
15% millet 52.3 1.5 1.1 83 95 21
20% millet 51.2 1.4 1.5 81 93 24
25% millet 49.5 1.5 3.1 64 77 40
30% millet 48.7 1.0 4.7 52 68 12
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tion of 25% of millet. Similar results were published
by Lorenz & Dilsaver (1980) who evaluated rheologi-
cal parameters of composite flours containing millet
in ratios of 5%, 10%, 15%, and 20%, where values of
water absorption decreased along with increased millet
ratio and on the contrary the dough stability and dough
softening increased along with increased millet ratio.
Supplemented buckwheat flour changed rheological
parameters of dough. Significant changes in physical
traits of dough by added buckwheat flour were also
confirmed by mixographic analyses carried out by Be-
josano & Corke (1998). They ascribed these changes
to added buckwheat protein fraction insoluble in wa-
ter. The reason undoubtedly consists in lower ability
of buckwheat proteins to form cross-linked structure
in dough in comparison to gluten from wheat flour.
It is also supported by lower content and swelling of
wet gluten (Fig. 2). The starch and enzyme complex of
buckwheat grains increased the falling number (Fig.
4), on the other hand, it also affected rheological prop-
erties of composite dough. In comparison with buck-
wheat or millet addition into the basic wheat flour, we

can conclude that wheat-buckwheat composite flours
manifested better progress of farinograph curve than
in wheat-millet flours.

Influence of buckwheat and millet on bread quality

The weight of baked loaves was significantly
(P<0.05) higher at the addition of 5% of buckwheat and
significantly (P<0.05) lower at 15%, 20%, and 30%,
but all loaves containing millet flour were significantly
(P<0.05) lighter than control wheat ones (Table 3). The
specific loaf volume in all buckwheat flour containing
loaves was significantly (P<0.05) lower, additions of
5% and 15% of millet flour significantly (P<0.05) in-
creased loaf volume, additions of 20%, 25%, and 30%
of millet significantly (P<0.05) decreased this param-
eter (Table 3).

The sensory evaluation of breads revealed that in-
creased ratios of buckwheat and millet flours in com-
posite flour affected almost all of 11 evaluated indi-
vidual parameters of loaves as follows: shape of loaves
— buckwheat neutrally (not affected), millet negatively;
colour of crumb — buckwheat positively, millet nega-
tively; crust thickness — both negatively; crust hard-

Table 3

Parameters of baked breads from composite flours wheat-buckwheat and wheat-millet (superscripts represent statistically
significant differences at P<0.05)

Loaf weight after baking Specific loaf volume per 100 g of product

Flour [g] [ml]
X SD X SD

Control flour (wheat) 180.24 + 0.4 ¢ 319.0 + 2.0 d
5% buckwheat 181.02 + 0.1 d 290.0 + 3.0 @
10% buckwheat 180.15 + 0.1 c 309.5 + 1.5 ¢
15% buckwheat 178.37 + 0.3 b 300.0 + 2.0 b
20% buckwheat 178.55 + 0.2 b 302.5 + 5.5 b
25% buckwheat 180.34 + 0.4 ¢ 297.0 + 2.0 b
30% buckwheat 177.72 + 0.4 : 309.5 + 0.5 ¢
Control flour (wheat) 181.05 + 0.4 f 313.5 + 0.5 ¢
5% millet 175.63 + 0.3 ¢ 321.5 + 3.5 d
10% millet 175.43 + 0.1 ¢ 310.5 + 2.5 ¢
15% millet 174.68 + 0.1 d 323.5 + 2.5 d
20% millet 173.97 + 0.1 ¢ 282.0 + 0.0 :
25% millet 171.18 + 0.2 : 296.5 + 1.5 b
30% millet 172.84 + 0.1 b 282.0 + 1.0 @
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ness — both positively; crust aroma — both negatively;
crust taste — buckwheat moderately positive, millet
negatively; crumb elasticity, crumb porosity, crumb
colour, crumb hardness, and crumb stickiness — both
negatively. Nevertheless, statistically significant
(P<0.05) differences in complex sensory parameters of
wheat-buckwheat loaves compared to the control were
observed only after the ratio of buckwheat was at least
25% when breads were less accepted by referees (Fig.
5). On the contrary, buckwheat addition of 5-10% by
weight neither depreciated technological quality of
flour nor sensory parameters of loaves. Similar results
were published by Bojnanska et al. (2009). Lin et al.
(2009) reported that the substitution of 15% of wheat
flour by buckwheat improved sensory parameters of
breads (taste and feeling in mouth). Moreover, rutin
and quercetin contained in buckwheat grains increased
antioxidant activity of breads, i.e. there is an expected
positive effect for consumers of bread. Hromadkova
et al. (2007) reported loaf quality improvement by ad-
dition of hemicelluloses from buckwheat husks and
strengthening of standard wheat flour.

The millet addition affected mainly quality of
crumb, which was dustier, crumbly, with lower elastic-
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ity. The taste and aroma of breads changed more sig-
nificantly (P<0.05) at 10% addition and breads were
bitter at 25-30% ratio of millet flour. Statistically
significant (P<0.05) differences in sensory quality of
wheat-millet breads were recorded at 10% ratio of mil-
let. A negative character in wheat-millet breads was
“sandiness” occuring in crumb at 5% addition of mil-
let. Mild particles of millet flour were felt in crumb at
chewing as a consequence of higher ash content in mil-
let flour. The same was observed by Badi and Hoseney
(1976) in biscuits with millet content. Nevertheless,
taste and aroma of wheat-millet breads were accepted
by referees up to 15% ratio of millet as also published
by Lorenz & Dilsaver (1980).

Within the designing of composite flours based on
wheat flour as the primary matrix and the buckwheat
or miller flours as supplements, an optimal ratio be-
tween them with appropriate or acceptable techno-
logical parameter can be identified. Composite flours
created from wheat and other crops (spelt wheat, oats,
barley, rye, buckwheat, soybean, banana, sorghum,
amaranth, and others) are considered as a very simple
and effective strategy for the improvement of nutri-
tional and functional traits of bakery products (Olaoye

—#— Buclkowheat

433 —C— Millet
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0% 23% 0%

Ratio of buckwheat or millet flour m composite flour [22]

Fig. 5. Sensory evaluation of baked breads from composite flours wheat-buckwheat and wheat-millet (superscripts represent

statistically significant differences at P<0.05)
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et al. 2006; Grobelnik Mlakar et al. 2009; Angioloni
& Collar 2011; Abdelghafor et al. 2011). According to
these authors, the buckwheat contributes to such bread
with less soluble, resistant starch (resulting in lower
glycemic index), minerals, phenolic compounds, and
dietary fiber on the one hand but the bread is more te-
nacious and low sensory accepted on the other hand.
Bojnanska et al. (2009) declared that the addition of
buckwheat to wheat flour increased minerals content in
breads, most significantly zinc, copper, and manganese,
whose content in breads with 50% ratio of buckwheat
flour increased 1.63, 1.49, and 1.14 times, respective-
ly. Based on physical parameters of dough and bakery
test, they designate 10-20% as the favourable ratio of
buckwheat in composite flour while negative impacts
of buckwheat on technological parameters of dough
did not manifest markedly. In comparison with control
wheat breads, the breads with 10% of buckwheat flour
in our experiment had almost identical weight, very
similar loaf volumes and sensory parameters.

CONCLUSION

Flours of buckwheat and millet enhanced composite
flours in the amount of starch, lipids, and total dietary
fiber in comparison with wheat flour and especially the
millet flour containing 2.8 times higher content of li-
pids and 5.2 times higher amount of fiber than wheat.
Additions of buckwheat and millet into composite
flour increased ash content and decreased content and
quality of gluten. Both additives decreased sedimenta-
tion index, but the buckwheat less than millet flour.
The falling number was increased by both additives
as a consequence of partial replacement of amylolytic
complex from wheat grains.

Both the flours from buckwheat and millet changed
parameters of dough by decreasing water absorption,
dough development time, and increasing dough sta-
bility. Dough softening in all composite flours ranged
around the value of control flour. Nevertheless, buck-
wheat had a lower negative impact on the development
of farinograph curve in comparison to millet.

The loaf weight and specific volume of baked
loaves were reduced in composite flours with increased
content of buckwheat or millet, respectively. Breads
containing buckwheat flour were acceptable in sensory
parameters up to the buckwheat ratio of 20%. Never-
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theless, in breads with millet up to 5% and by taste and
aroma up to 15%, respectively, “sandiness” was felt
during chewing of this bread, especially in crumb.
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