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Technological characteristics of wheat and non-cereal flour blends
and their applicability in bread making

EWA PEJCZ - AGNIESZKA MULARCZYK - ZYGMUNT GIL

SUMMARY

Alternative materials for bread production, which are used to enrich its composition, cause changes in the quality of
dough and loaves that are important for bakers. We tested the applicability in bread making of four non-cereal flours:
chestnut, coconut, flax and hemp at 5%, 10% and 15% of wheat flour replacement. All the flours, except for chestnut,
improved dough rheology and protein content. Coconut flour decreased gelatinization maximum, while the other
flours, in particular flax flour, increased it. The increasing rate of coconut flour and 15% of chestnut and hemp flours
reduced the bread volume, while 10% of flax flour improved it. All the flours, except for coconut, darkened the crumb,
chestnut gave it additional purple shade and hemp made it the darkest. Coconut and flax addition gave the bread high
sensory acceptability, while chestnut and hemp breads were negatively scored due to a strong, strange and musty aroma,

and a strange crumb colour.
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High intake of bread and the growing preva-
lence of diet-related lifestyle diseases result in
the interest in fortification of bread by valuable
nutrients. For that purpose, synthetic nutrient sup-
plements, such as calcium and iron, thiamine, ribo-
flavin or vitamin B6 may be added to enrich bread.
Natural raw materials, such as skimmed milk
powder, whey, buttermilk, dried yeasts, oilseeds,
non-bread cereals or non-cereal flours may be
also used [1]. Wheat bread is commonly enriched
in nutrients and flavour by replacing a part of the
wheat flour with flours from edible parts of other
plants. This implies changes in sensory and chemi-
cal composition of bread, but also changes the
dough rheological characteristics [2].

The aim of using alternative raw materials in
baking of bread is to improve its nutritional value
and create products with functional properties.
Nevertheless, before chemical and clinical analy-
sis, their applicability in bakery should be proven
and the overall quality of the product should be
evaluated. In this study, four non-cereal flours
with potential health benefits were selected to

enrich wheat bread: coconut, chestnut, hemp and
flax.

Chestnut fruits (Castanea sativa Mill.), fresh or
processed, are highly regarded in the countries of
Southern Europe, where they are a common com-
ponent of the Mediterranean diet. Chestnut flour
is obtained by grinding dried chestnuts, which are
of lower size or broken. Chestnut flour, as a sub-
stitute for wheat flour, can improve the nutritional
value of products. It has an average protein con-
tent of 6.9%, 50.6% of starch, 32.6% of saccha-
rides, 2.0% of lipids and 4.2% fibre [3]. Although
it has a lower protein content than the cereal
grains, it shows beneficial nutritional characteris-
tics. The chestnut protein has a high content of es-
sential amino acids (4-7%), and it is rich in lysine
and threonine, while methionine is the limiting
aminoacid. Chestnut flour also contains significant
amounts of vitamin E,vitamin B group, potassium,
fluorine and magnesium [3, 4].

Coconut flour is obtained from dried and
milled coconut pulp, after extracting the coconut
oil [5]. Its composition depends on the retention
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of components after the extraction. Coconut flour
was reported to contain 3.6% moisture, 3.1% ash,
10.9% lipids, 12.1% proteins and 60.9% dietary
fibre [6, 7].

Dietary fibre is composed of non-starch
polysaccharides, which are not digested in the
small intestine, but can be fermented in the colon
to short-chain fatty acids. It increases the volume
of food without additional energy value, and en-
hances water absorption in the colon, which pre-
vents from constipation. Fibrous structure and
viscosity of the dietary fibre delays the absorption
of cholesterol and glucose to the blood, and de-
creases the glycemic index of foods, thus helping
to control obesity and diabetes mellitus [6].

Flaxseed is a good source of polyunsaturated
fatty acids (contains 73% of total fatty acids, 18%
mono-unsaturated fatty acids and 9% of saturat-
ed fatty acids), soluble fibre, a-linolenic acid and
phytoestrogens. Flaxseed flour can be used for the
production of bread and pastry, adding it nutty fla-
vour. It is widely used in USA in bread, cookies,
muffins and other cereal-based products [8]. Flax-
seed is rich in phytochemicals, primarily lignans,
however, other phytochemicals, such as saponins
and phytates, are also present. Flaxseed consump-
tion improves vascular function and has anti-ar-
rhythmic, anti-atherogenic and anti-inflammatory
properties. It was also regarded to prevent from
cancer, osteoporosis and high cholesterol [9, 10].

Hemp has been grown for thousand years for
use as bast fibre, food and medicine. Hemp seeds
are known for their high biological value. They
are rich in phytochemicals, vitamins A, B, C and
E, and minerals, such as calcium, potassium, phos-
phorus and iron. They contain large amounts of
poly—unsaturated fatty acids (linoleic and lino-
lenic), fibre and proteins. Hemp seeds are known
to reduce blood pressure, lower blood cholesterol
and provide support of the immune system. Main
hemp proteins, albumin and edistin, are easily di-
gestible. It also contains essential amino acids, in-
cluding high levels of arginine [11-13].

Characteristics of these flours indicate their
high nutritional value and, therefore, they may
constitute a valuable source of nutrients at bread
fortification. Wheat bread is unable to fully meet
the human nutritional requirements. The addition
of natural raw materials rich in dietary fibre, pro-
teins, essential fatty acids, vitamins and minerals,
may lead to significant improvement in the nutri-
tional value of bread. This could bring a positive
impact on the functioning of the human body and
prevent a number of diet-related diseases [14].

Enrichment in the composition of breads may
result in significant changes in the properties of
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dough and of the final product [2]. Despite the
nutritional benefits, using gluten-free non-cereal
flours change the technological properties of
dough as well as improve or damage the over-
all quality breads [15]. Non-cereal flours are also
more expensive than wheat flour. Hence, there
is a strong need to find a balance between the
nutrient, technological and economic aspects of
bread making, to encourage bakers to produce
and consumers to buy bread enriched with non-
cereal ingredients.

MATERIALS AND METHODS

Flour

Commercial flours were used: wheat flour type
550, (Diamant Stradunia, Stradunia, Poland), BIO
chestnut flour (Clement Faugier, Privas, France),
coconut flour (AmanPrana, Schoten, Belgium),
flax whole meal (Mlyn Bogutyn, Radzyn Podlaski,
Poland) and hemp flour (Hanf & Natur, Lindlar,
Germany). Wheat flour was obtained from Dia-
mant Stradunia, and non-cereal flours from Miyn
Bogutyn. Non-cereal flours were used to replace
5%, 10% and 15% of wheat flour. Blends were
made on-site before each experiment.

Flour analysis
Protein content

Blends and wheat flour were analysed for total
protein content by the Kjeldahl N x 5.7 method
[16] with the use of Kjeltec 2400/2460 device (Foss
Analytical, Hoganis, Sweden).

Wet gluten

Wet gluten quantity (wet gluten yield) was de-
termined based on dough hand washing with tap
water and weighing the obtained mass. Dough
made from 25.0 g of flour and 12.5 ml of tap water
was formed and soaked for 20 min in tap water at
room temperature. The dough was hand-washed
with tap water until the removal of all the starch
(iodine test). Gluten was centrifuged to remove
the excess of water. Gluten quality (spreadability)
was calculated as the difference between 5 g wet
gluten diameters before and after incubation for
60 min at 30 °C, 85% relative humidity (RH).

Dough rheology

Dough mixing profile was determined with
the use of farinograph (Brabender, Duisburg,
Germany) according to PN-ISO 5530-1:1999 [17]
using 50g mixing bowl. The following character-
istics were determined: water absorption, dough
development time, dough stability and dough sof-
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tening measured 12 min after the end of the de-
velopment time. Additionally, quality number was
determined. It was expressed as the distance in
millimetres from the beginning of water addition
point to the point, in which the curve decreased by
30 Farinograph units (FU) relative to the peak re-
sistance.

Viscoelastic properties

Characteristics of the starch-amylase com-
plex were determined with the use of amylograph
(Amylograph-E, Brabender) [18], with maximum
gelatinization. Suspension of 80 g flour at 14%
moisture and 450 ml distilled water was put into
the reaction tank and was heated at 1.5 °C-min-!
from the initial temperature of 30 °C. The amy-
lograph was stopped manually after reaching the
maximum gelatinization (curve peak).

Laboratory baking
Baking

Ratios of 0:100, 5:95, 10:90 and 15:85 of
non-cereal and wheat flour blends were used
for laboratory baking. The dough was mixed on
the farinograph for 3 min at 30 °C. An amount
of 250 g of flour, 7.5 g of fresh yeast and 3.8 g of
salt were used. Water addition was adjusted to
gain the dough of consistency of 300 FU. The
dough was put into forms and fermented at 30 °C
and 85% RH in a proofing cabinet. Dough was
folded twice (after 60 min and then after 30 min
of fermentation) and left for proofing for approx.
30 min. Loaves were baked in a laboratory oven
(Brabender No. 35506, 6 kW, 380 V; Brabender)
for 30 min at a constant temperature of 230 °C.
Steam obtained from 100 ml of distilled water
was injected into the baking chamber right after
putting the forms into the oven. After being
baked, loaves were sprinkled with water and left
at the room temperature to cool down. Baking ex-
periments were performed twice and average re-
sults from them were reported in the study.

Bread quality evaluation

After 24 h, bread was evaluated in terms of
loaf volume, overbake, crumb porosity, colour
measurement and sensory properties. Bread
volume was assessed by millet seed displacement
method using the SA-WY device (ZBPP, Byd-
goszcz, Poland), and expressed in cubic centi-
metres per kilogram of flour. Overbake was calcu-
lated as bread mass to flour mass percentage ratio.
Crumb porosity of each loaf was visually observed
and compared with the 8 degrees Dallman scale,
where 1 indicates non-uniform structure, large and
irregular cells, and 8 indicates uniform compact

structure, small and regular cells. Crumb colour
was measured by Minolta Colorimeter CR-400/410
(Konica Minolta, Osaka, Japan). Five different
points of the same slice with CIE L*, a* and b*
values were measured.

Sensory analysis

Bread was subjected to sensory evaluation by
seven semi-trained panellists. The questionnaire
included point evaluation of external appearance,
crust colour, thickness and uniformity, crumb elas-
ticity, porosity and flavour.

Statistical evaluation

The results were statistically analysed by Sta-
tistica 6.0 software package (StatSoft, Tulsa,
Oklahoma, USA). Two-way ANOVA at p=0.95
was calculated and homogenous groups accord-
ing to Duncan’s test were estimated. Interactions
between non-cereal flours and their replacement
level were shown in order to indicate their com-
bined effect on flour and bread characteristics.

RESULTS AND DISCUSSION

Flour and dough characteristics

A strong effect of non-cereal flours on wheat
flour characteristics was observed (Tab. 1).

The increasing share of coconut, flax or hemp
flours resulted in an increase in total protein con-
tent, while chestnut flour addition caused a de-
crease in the protein content. Comparing to wheat
flour (11.5% of protein content), coconut, flax
and hemp flours contained high amounts of pro-
teins, 20.2%, 33.1% and 31.5%, respectively, while
chestnut flour contained a lower amount of pro-
teins, 6.1% (data not shown). However, the flour
replacement with non-cereal flours led to a de-
crease in gluten yield. Nevertheless, 5% of hemp
increased the gluten yield. The most adverse effect
on gluten was observed when flax flour was added.
At the replacement levels of 10% and 15%, it was
impossible to wash out the gluten. This was proba-
bly due to the swelling of mucous substances when
preparing the dough, making it difficult to connect
to the components of gluten. Addition of non-ce-
real flours also resulted in strengthening the glu-
ten, the gluten ball diameters did not extend as
much as those of pure wheat gluten.

Our results are in agreement with literature
data that the protein content in chestnut flour is
low, and gluten proteins are absent [3, 19]. Increas-
ing the share of hemp (20%, 30% and 40%) in-
creased the protein contents in rice-hemp blends
and, when defatted hemp was used, a higher in-
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Tab. 1. Protein profiles of flour blends.

Flour blend Protein content [%)] Gluten yield [%] Gluten quality [mm]
Wheat flour 100% 11.5+0.019 29.9+0.1be 8.0=1.02
5:95 11.2+0.09h 29.3+0.2bcd 55+05b
fcl::ffm“t""’heat 10:90 10.9+0.0h 28.5+ 0.4d 3.7+0.20
15:85 10.7 £0.0/ 24.3+0.1f 27+0.1¢
5:95 12.1+0.2de 30.2+0.2b 7.7+03a
ﬁgff”“t""’heat 10:90 11.9+0.0¢ 28.9+ 0.8 55+0.5b
15:85 12.6+0.10 26.0+0.5¢ 4.0+03¢°
5:95 12.4+0.0cd 16.2+0.29 0.0=0¢
ffaxr""’heat 10:90 13.4+0.1b 0.09 -
15:85 14.3+0.08 0.09 -
5:95 12.2+0.0bcd 31.6=0.22 72+022
;';L’J?p"”heat 10:90 13.3+0.0b 29.1 0.1 bod 45+0.1bc
15:85 14.1+0.12 25.1+0.7¢f 3.0+0.3¢d

Data represent the mean of two replicates + standard deviation. Small letters denote significant groups according to Duncan‘s

test, p = 0.95.

crease in the protein content was observed [12].
Although in present study rice was not evaluated,
the increase in protein content was also observed.

Dough rheology

Increasing the addition of coconut and flax im-
proved water absorption of flour, and when chest-
nut or hemp were added, no effects were observed
(Tab. 2). The increasing share of all the flours,
except for the chestnut one, improved dough de-

velopment time, the most effective being coconut.
At 10% and 15% of coconut, flax or hemp replace-
ment, an increase in dough stability was observed.
Interestingly, a better effect was noticed at 10%
share of flax or hemp. In case of chestnut addition,
only at the level of 15% a slight increase in dough
stability was observed. Chestnut flour did not
affect the dough softening. A slight decrease in
dough softening was observed when flax was add-
ed and at lower levels of coconut or hemp replace-

Tab. 2. Dough rheology and water absorption.

Flour blend Water e?;)s]orption dgvl?aloc:lpg;ent Doug[rrlnisr:?bility Dough[FsS]ftening Quali;gﬂg}u}mber
time [min]

Wheat flour 100% 57.6+0.39 1.5+0.29 1.0+0.2¢f 160 + 102b 20+ 29
5:95 58.4 % 0.2¢f 2.0+0.29 0.820.1¢f 150 + 10abe 40+ 1f

g::ft““t""’heat 10:90 | 57.2=0.49 2.0+0.3f 0.7+0.05 160+ 202 40+3f
15:85 56.7+0.2h 15+0.1f0 2,0+0.2d 170102 48 = 2def
5:95 59.2+0.3d 3.0+0.19 1.0+0.25¢f 100 + 5ef 53+ 1de

f?éfr"”“t""’heat 10:90 60.6 = 0.1bc 2.5+0.3d 3.3+0.3¢ 120 + 10 cde 50 = 4def
15:85 60.8+0.1b 57+0.25a 3.0+0.2¢ 80+ 51 57+3b
5:95 59.2+0.2de 1.8+0.11 1.0+0.2¢f 140 + 20abcd 42+ of

Egalj‘r"’"heat 10:90 59.8 + 0.4¢d 3.7 +0.2bc 3.7 +0.4bc 120 + 5ode 68 +2¢
15:85 62.0+0.52 43+02b 1.5+0.1de 130 + 10bede 67 +3¢
5:95 58.0 +0.39 2.1 +0.3¢f 0.5+ 0.2f 110 10 def 57+ 3ef

;'(f::p"”heat 10:90 | 57.3=0.20 3.5=0.1bc 5.5=0.52 50+ 59 125+7a
15:85 57.2+0.29h 3.5+0.2bc 4.5+0.4b 80+5f9 57 +3d

Data represent means of two replicates + standard deviation. Small letters denote significant groups according to Duncan’s

test, p = 0.95
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ment. The lowest softening was observed at 15%
of coconut, and at 10% and 15% of hemp replace-
ment. Nevertheless, all the flours improved qual-
ity number, which expressed the rate of change of
consistency after the peak. The least effect was ob-
served at all levels of chestnut flour and 5% of flax
flour, and the most beneficial was 10% addition of
hemp.

It is known that chestnut flour addition strong-
ly affects rheological properties of the rice dough
[19]. The increasing rate of chestnut flour in-
creased the yield stress, and in turn the consist-
ency index. One of the reasons was the fibrous
structure of chestnut flour and higher capacity of
binding water compared to rice flour. SACCHETTI
et al. [3] demonstrated that the increasing share
(20%, 30% and 40%) of chestnut flour in rice-
chestnut blends decreased water absorption index
(WAI) and increased water solubility index (WSI)
due to the higher content of saccharides. ALIANI
et al. [9] found that the increasing share of coco-
nut flour (10%, 20%, and 30%) in coconut-wheat
blends reduced water absorption and improved
dough development time as well as arrival time, in
particular at the replacement level of 30%. Higher
stability at 20% of coconut flour replacement than
of wheat might have been caused by the stabiliz-
ing effect of coconut protein on gluten structure.
However, at a higher level of replacement, inter-
ference with the gluten network might occur, as
reflected by the unstable farinogram curve. Rasnv
et al. [8] used up to 20% of flaxseed for cookies
formulation. They observed a significant increase

in water absorption and dough development time,
and a decreasing stability with increasing the sub-
stitution level.

Viscoelastic properties

Coconut flour did not affect falling number,
and slight increase was observed when chest-
nut flour was added, regardless from its share
(Tab. 3). The strongest effect on falling number
was observed at the increasing share of flax flour.
Interestingly, at 5% of hemp replacement, the
increase in falling number was observed and, at
higher levels, the falling number decreased to the
wheat result. However, distribution of amylograph
viscosity results was quite different. The increasing
share of coconut flour, in particular the highest ad-
dition, slightly decreased gelatinization maximum.
Chestnut flour and flax flour caused a significant
increase in gelatinization maximum, and the effect
of the latter was much stronger. Hemp addition
caused a moderate increase in gelatinization maxi-
mum, regardless from the replacement level. Non-
cereal flours also affected pasting temperatures.
Flax significantly decreased the beginning of gelat-
inization, and chestnut significantly decreased the
gelatinization temperature. However, the highest
values of both temperatures were registered at the
15% chestnut flour replacement.

Chestnut flour is rich in saccharides, which are
known to retard starch gelatinization by reducing
the water activity and stabilizing the amorphous
regions of the starch granule [19]. Saccharose has
a restrictive effect on the gelatinization process

Tab. 3. Viscoelastic properties of flour blends.

Flour blend Faling number [s] I\_/Ia_\xirr_wum Temper_at_ure_at s'iart Gelatinizatio:w
gelatinization [AU] of gelatinization [°C] temperature [°C]
Wheat flour 100% 280 = 49 440+ 10N 57.0+0.2¢ 78.6 = 0.6¢f
5:95 302+ 2de 470 %59 58.5+0.2b¢ 83.4%0.4°
ﬁ:fft““t""’heat 10:90 315+ 50 540 + 5e 59.1 +0.20 86.1+0.1b
15:85 311 +3cd 560 =109 60.0+0.32 88.8+0.22
5:95 294 + Gef 400 + 20N 56.1+0.1 79.8+0.2de
f?;’fr"”“t""’heat 10:90 288 + 219 415+ 5] 56.8 0.2 781 0.1
15:85 285 + 419 37010 59.1+0.1b 80.7+0.7¢
5:95 302+ 2de 680+ 5¢ 50.1 +0.1h 78.6 = 0.4¢f
;Tgalj‘r wheat 10:90 337+ 1b 835+ 5b 53.0+0.49 79.5 % 0.5def
15:85 362+ 2a 990 + 102 52.7 +0.39 79.8+0.8%
5:95 314 =40 500 = 10f 57.6+0.2de 78.6 = 0.6¢f
;'(f::p""’heat 10:90 289+ 10 510+ 5ef 57.6+0.30 83.4+0.4¢
15:85 274+ 4h 510+ 10f 58.2+0.2¢d 85.2+0.2b

Data represent means of two replicates = standard deviation. Small letters denote significant groups according to Duncan‘s

test, p = 0.95.
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the effect of fatty acids on starch structure or
cell wall disruption by fibre present in hemp.
In this study, extrudates were not evaluated,
however, the decrease in volume of the final
product (bread) with the increase in hemp
share could be observed.

ConrorTI and Davis [10] observed that
15% of flaxseed addition decreased wheat
bread volume and increased crumb hardness.
They explained the volume decrease by the
gluten dilution by whole grains. In the present
work, bread baked with 5% or 15% flaxseed
flour addition had the same volume as the
control (wheat) bread. However, the 10% ad-
dition of flaxseed flour resulted in the biggest
loaf volume. On the other hand, RaJlv et al.
[8] prepared cookies enriched with roasted
and ground flaxseed, and the increasing level
of flax caused a decrease in diameter and
an increase in hardness of cookies. Bread
volume may be affected by the high content
of lipids in flaxseed. A slight increase in flax
content in the fat-free formula could increase
bread volume [22], but larger amounts of li-
pids in the dough resulted in a decrease in
bread volume [23]. That could explain the
biggest loaf volume at 10% flax replacement,
and the lack of effect at the other replace-
ment levels in this study. Improved properties
of breads with 10% of flax flour share may
indicate the optimal for bread making com-
position of fibre and mucilage in such blend.
Crumb colour was significantly altered by the
addition of non-cereal flours (Tab. 4). Wheat
bread crumb was bright and typical for wheat
bread. The increasing share of coconut flour
gave the crumb gentle yellow and red shade.
Chestnut flour, regardless from the level of
replacement, made the crumb darker and red.
Similar effect, but not as strong, was observed
at flax flour addition, the crumb became
slightly red. Bread baked with hemp flour ad-
dition was characterized by the darkest and
greyest crumb.

DEMIRKESEN et al. [19] found that the in-
creasing share of chestnut flour in rice bread
recipe resulted in a decrease in L*, an in-
crease in a* and a slight increase in b*, i. e.
the crumb became darker and reddish. The
browning effect of chestnut on bread colour
was the effect of the high content of saccha-
rides and their reactions during baking (Mail-
lard reaction and caramelization). Also in
work of SACCHETTI et al. [3], the increasing
chestnut share decreased the rice extrudate’s
lightness, as the chestnut flour had a darken-

Tab. 5. Results of sensory analysis of breads.

Overall

20.432

16.29bc
14.86°¢

15.28bc

18.43ab

17.86abc
16.57bc

17.14bc

17.57abc
15.57b¢

16.29bc

16.000¢

15.71bc

8.7

Flavour

2.43a

1.57 abcd
1.29 bed
1.00¢cd
2.29ab

1.57 abcd

1.862abc
1.14cd

2.00abc

1.862abc
0.57d

0.71d

0.71d

40.4

Colour

2.57a

1.14¢
1.29bc

1.86abc

1.71abc
2.148b
2.29a

1.86abc
2.00abc
2.00abc

1.86abc

1.71abc

1.862abc

19.3

0.95.

Crumb
Porosity
2.862

1.86bed

2.00abcd
1.71¢cd

2.43abc
27120

2.862

2.57abc
2.573abc

2.29abcd

2 {4abcd
1.43d

2.14abcd

18.9

Elasticity

2.71a

2.43a

2.292

2.43a

2.29a

2.002

2.142

2.432

2.432

2.29a

2.43a

2.29a

2.432

7.0

Uniformity
2.71a

2.71a

2.43ab

2.148b
2.57ab

2.71a

2.29ab
2.29ab
2.14ab
1.86°
2.43ab
2.862

2712

11.6

Crust
Thickness

2.00ab
2.43ab
2.29ab
2.29ab
2.14ab
2.14ab
1.43b

2.57a

2.29ab
2.00ab
2.57a

2.43ab
2.14ab

13.1

Colour
2.862

1.86ab
1.43b
2.002b
2.57a

2.43a

2.00ab
2.14ab
2.14ab
1.862ab
2.29ab
2.57a

2.572a

16.9

Appearance

2.29ab
2.29ab
1.862b
1.862b
2.432

2.14ab
1.71ab
2.14ab
2.00ab
1.43b

2.00ab
2.14ab
2.86ab

16.3
Data represent means of seven replicates. Small letters denote significant groups according to Duncan's test, p

Flour blend

100%

95
10:90
15:85

95
10:90
15:85

5:95
10:90
15:85

5:95
10:90
15:85

Wheat flour

Chestnut-wheat

flour

Coconut-wheat

flour

Flax-wheat

flour

Hemp-wheat

flour

Relative standard deviation [%]
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ing effect on the blend. The colour of blends be-
came darker, and a¢* and b* values increased com-
pared to rice flour, which was almost white. On the
other hand, CONFORTI and Davis [10] found that
crumb became darker under the influence of flax
addition. It was caused by the darker colour of flax
flour, not Maillard reaction, as crumb did not un-
dergo it. NORAJIT et al. [12] observed the effect of
hemp on the colour of rice extrudates, which also
became darker, and had higher a* and b* values,
and lower L* value than control (rice). The same
trends were observed by WANG et al.[20] in crumb
colour of rice-hemp bread.

Bread sensory analysis

Sensory profile of bread was strongly affected
by the non-cereal additives (Tab. 5). Loaves were
characterized by uniform external appearance,
crust colour, thickness and texture (uniformity).
However, bread baked with 15% share of flax
flour had slightly irregular crust, which affected its
external appearance.

Crumb of all breads was equally elastic, but
it slightly varied in terms of porosity, colour uni-
formity and stickiness. Wheat (control) and coco-
nut bread had the most desirable crumb porosity.
However, the acceptability of coconut bread was
slightly lower at 5% replacement and was increas-
ing with the increase in flour replacement. Flax
bread crumb porosity was also given a high score.
But on the contrary to the coconut, it was the
most irregular at the maximum replacement level.
Chestnut and hemp breads were characterized by
a worse crumb porosity, and the least desirable
was bread with the addition of 10% hemp flour.
Wheat bread and 10% and 15% coconut bread
had the brightest and most uniform crumb colour.
On the other hand, loaves baked with 5% and 10%
share of chestnut flour had red crumb with dark
grey streaks, which gave them the lowest score.

Wheat bread had the most desirable flavour,
and the 5% coconut flour and 10% flax flour
breads were also highly acceptable. Coconut bread
had a pleasant mild coconut aroma, however, at
15% the aroma was too strong, and the crumb was
little dry, which was less acceptable in bread. On
the other hand, flavour of flax bread was described
by the panellists as “fishy”. Breads with 15% chest-
nut flour and 5% flax flour were not acceptable,
being bitter and sour. Flavour of wheat-hemp
bread was definitely unsatisfactory, regardless
from the replacement level. It was musty and had
a very strong bitter aftertaste.

In sensory analysis, the highest overall score
got the wheat (control) bread. Satisfactory results
were obtained for 5% and 10% coconut and 10%
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flax bread. The worst one was the 10% chestnut
bread, due to the strange and irregular colour. The
quite high score of hemp breads was the effect of
good external appearance, even if the flavour was
disqualifying.

Changes in flavour of bread baked with non-
cereal flours were reported. On the basis of the
colour analysis results, bitter taste of rice—chest-
nut bread might have been a result of the Mail-
lard reaction [3]. GUNATHILAKE and ABEYRATHNE
[6] showed that noodles with up to 20% coconut
flour substitution were a desirable product. Due to
the high content of alpha linolenic acid in flaxseed,
flaxseed products were more susceptible to lipid
oxidation. However, at low levels of addition, this
need not be a problem. Different cereal products,
such as bagel or yeast bread, containing low flax-
seed addition (up to 15%), had acceptable flavour
and overall score compared to the wheat control.
The musty flavour could be reduced by the addi-
tion of antioxidants and flavourings [9]. On the
other hand, CONFORTI and Davis [10] found that
bread baked with 15% share of flaxseed had slight-
ly higher musty aroma, stronger aftertaste, stale
and grainy taste. RaJiv et al. [8] reported signifi-
cant deterioration of cookies surface colour, sur-
face characteristics, texture, flavour and mouth
feel beyond 15% level of flaxseed substitution. Ad-
ditionally, texture and crumb softness were better
in flax bread than in control bread. In studies of
NoORAIT et al. [12] on rice-hemp energy bars, with
increasing share of hemp, panellists gave higher
ratings regarding colour and flavour, but lower re-
grading the taste. They also pointed out that the
high content of hemp in the product caused too
strong flavour. Novak et al. [13] described the es-
sential oils present in hemp, which were a-pinene,
myrcene, trans-f-ocimene, o-terpinolene, trans-
caryophyllene and a-humulene. These oils are re-
lated to oils of hop (Humulus lupulus L.).

CONCLUSIONS

Our study showed a different effect of non-
cereal flours on bread making properties of wheat
flour, as well as on acceptance of the final product.
We observed a good effect of 10% flax addition on
dough rheology, which resulted in the best bread
characteristics and high sensory acceptability.
Good results were also observed at the replace-
ment with coconut flour. Although loaves were
slightly smaller, probably due to the high fibre
content in coconut flour, they were highly accepta-
ble in terms of crumb structure and flavour. Based
on literature data concerning the nutrition profile
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of both, we would recommend improving bread
formulation with flax and coconut flours, which
would be beneficial regarding the nutritional value
and sensory attractiveness of baked products. On
the other hand, although chestnut flour did not
affect the dough properties, and hemp flour even
improved it, we do not recommend them in bread
making due to the adverse effect on bread ap-
pearance. They both gave the final products very
strong, strange and musty aroma, and chestnut
flour also gave a strange and streaky colour to the
crumb. We think that further studies, either on re-
duced level of chestnut and hemp flours replace-
ment (5% and less) or improving the formulation
and dough preparation, could help to suppress the
adverse flavour and taste.
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