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Abstract

Due to the high level of antioxidant activity of acorn fruits, they can be used as an ingredient
the production of functional foods. The goal of the this research was to partially substitute wheat
flour with varying levels (10% - 50% w/w) of debittered acorn flour and to investigate its effects on
the rheological characteristics of the dough, total phenolic content (TPC), staling, colour indices and
sensory properties of toast bread. The farinograph degree of softening and water absorption of the
dough decreased with increasing the acorn flour content, while the stability and time of development of
the dough increased. Resistance and extensibility to deformation of the samples respectively increased
and decreased compared to those of the control. Toast bread with 30% acorn flour replacement was
observed to have lower staling than the control. The highest TPC (9.44 mg GAE/g) and the lowest
peroxide value (0.36 m eq O2/kg) were obtained for the bread having 30% acorn flour substitution.
Moreover, the breads showed darker crumbs with significantly lower specific loaf volumes. Overall, the
bread with 30% of acorn flour substitution showed good rheological, staling properties and reasonable
anti-oxidant content compared to the control bread as well as the highest sensorial acceptability.
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1 Introduction

Cereals operate an important duty in human
nutrition all over the world. Because they in-
clude not only large amounts of energy sources,
like starch, but also fatty acids, nutritive pro-
tein and dietary fibre. The positive effects on
blood cholesterol and their dietary fibre content
cause an increasing demand for nutritionally en-
riched breads with whole grains and different
seeds (Mousavi & Kadivar, 2018).

Acorns; the fruit of the oak tree; with approx-
imately 500 species, has been mainly distributed
in Europe, Asia and North America. Acorn has
been used as the nut of the oak tree in various
applications such as animals feeding, medicine
as well as in the food industry, due to its anti-
microbial, antioxidant and nutritional properties
(Mohammadzadeh et al., 2013).
Acorn flour content of fat (of which over 80%
is unsaturated), different sterols, considerable
amounts of electrolytes (phosphorus, zinc, cop-
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per, iron, magnesium and calcium) and proteins,
is acceptable from a nutritional point of view
(Ghaderi-Ghahfarrokhi et al., 2017). Acorn meal
could be a functional nutritional ingredient in
foods that include wheat flour such as pastries,
noodles, muffins, cookies, breads and desserts
with a growing presence in the food industry,
to improve the eating habits of personal clients
and the general population for well-being bene-
fits and disease prevention (Polimac & Komlenić,
2016). Moreover, acorns contain phenolic com-
pounds like the derivatives of proanthocyanidins,
benzoic acid, flavons, chalkons, cinnamic acid,
quinones, and amino phenolic compounds with
high antioxidant activity, which can break the
chain of radical reactions, bind with metals and
scavenge free radicals. Increasing the consump-
tion of these compounds leads to a decrease in
the risk of digestive diseases and dangerous can-
cers (Ferrari & Torres, 2003). Dietary supple-
ments, nutraceuticals, organic foods and func-
tional foods as the worldwide nutritional health
products (NHPs) have become popular in an ex-
tremely fast growing market. In addition to
biologically nutritious components acorns pos-
sess biologically active substances that enable the
utilization of acorns in the preparation of func-
tional foods (Rakić et al., 2004). In spite of
the extensive utilization of acorn flour in bakery
products, no study has been carried out to con-
sider the effects of the partial replacement of
wheat with the acorn flour in Iranian toast pro-
duction. The aims of this research were (I) to
study the rheological characteristics of the dough
such as water absorption, development times and
stability, resistance to extension and extensibil-
ity and (II) to evaluate the total phenolic con-
tent, colour indices, staling, peroxide value and
sensory properties of the toast breads.

2 Materials and Methods

2.1 Materials

Acorn Flour (moisture content: 4.2 ± 0.1%
dry basis (db); 150 µm mean particle size) was
provided from a local market in Yasouj city (Ko-
hgiluyeh and Boyer-Ahmad Province, Iran). The
wheat samples (Sepahan (HRW)) was obtained

from field trials grown at Tarbiat Modares Uni-
versity Agricultural Research Centre, in 2018.
Wheat samples were milled in a laboratory mill
supplied with different breaks, reduction rollers
and sifters. Toast bread improver and yeast were
obtained from Kobodena Co., Yasouj, Iran. All
other chemicals and reagents used were at least
of analytical grade and provided form Sigma Ald-
rich (St. Louis, MO, USA).

2.2 Chemical tests

The physicochemical properties of wheat and
acorn flours, including moisture, protein, ash,
fat, total phenolic contents and crude fibre were
analysed according to AACC (2000) methods No.
46-12 , 33-17 , 30-10, 44-16 and 08-01 respect-
ively. Energy values were determined according
to the general Atwater factor according to At-
water (1902). Energy (kcal) = 9 × (g fat) + 4
× (g protein) + 3.75 × (g carbohydrate). The
results were expressed as g per 100 g of dried
mass.

2.3 Farinograph and extensograph
tests

The attributes of the dough during mixing
were determined using a farinograph (Brabender,
Duisburg, Germany) according to AACC. No.
54-21 (2000) method. The softening degree,
dough development time, water absorption and
stability time of the control and three acorn-
added samples were obtained. Extensibility and
resistance to extension measurements were car-
ried out in accordance with the standard pro-
cedure utilizing an extensograph-E (Brabender,
Duisburg, Germany). The dough developed util-
izing the farinograph-E was split into two 150-g
loaves and retained for 45-135 min for proving.
The resistance to extension and dough extensib-
ility were obtained so. All evaluations were per-
formed in duplicate at 25 oC.

2.4 Dough preparation

According to AACC (2000) method, the amount
of water measured by the farinograph was added
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to the dry ingredients then mixed until homogen-
eous dough was achieved corresponding to the re-
cipe of Iranian toast. The control contain (100%
wheat flour) and five acorn/wheat (0, 10, 20, 30,
40 and 50% acorn flour substituting for wheat
flour) dough samples were prepared and utilized
in the extensographic measurements to analyse
the rheological characteristics of the dough.

2.5 Toast bread making procedure

Wheat flour was mixed with compressed yeast
and salt, each comprising 1.5 g/100 g of the
total mixture and previously dissolved in water.
The amount of water added to each formula-
tion varied according to the farinographic water
absorption index, previously determined (Table
1). For each formulation, the ingredients such as
toast improver including alpha amylase, glycerol
mono-stearate (GMS), ascorbic acid, ammonium
chlorate, corn oil, salt, sugar and yeast were
mixed in an automatic spiral mixer (Bomann,
Clatronic s.r.l., Italy), for 12 min. Instantly after
mixing, the dough was left to rest for 15 min at
room temperature. After that, the dough was
divided into portions 300 g, moulded into cylin-
der shapes, put in baking pans (8 ×15 × 5 cm)
and left to rest for 45 min in a proofing cabin at
30 oC and 80% RH. Samples were baked for 35
min at 205 oC in an oven (Self Cooking Center®,
Rational International AG), with vapor injection
in the first instants of baking. Two hours after
removing the samples from the oven they were
packaged in perforated OPP film and stored at
room temperature (20 oC, 60% RH) for further
analysis. For each sample, two baking experi-
mental tests were performed and four loaves were
obtained from each baking test.

2.6 Differential Scanning
Calorimetry

The differential scanning calorimetry (DSC)
evaluations were performed using a Perkin-Elmer
Model DSC 6 (Connecticut, USA). DSC curves
determine the thermal properties of starch retro-
gradation in the toast bread. In this measure-
ment an indium standard was utilized as calib-
rator calorimeter. Enthalpy (∆H J/g) was ob-

tained for each endotherm at 22 oC for 3 days
(24, 48 and 72 h after baking). The analyses
were carried out in triplicate (Primo-Martin et
al., 2007).

2.7 Total phenolic content

Extraction and determination of
polyphenols

Concentrated hydrochloric acid: methanol: wa-
ter (1:80:10, v/v) mixture at room temperat-
ure for 5 h extracted soluble phenolics from
bread samples. Insoluble phenolics’ extraction
was performed with methanol and concentrated
sulphuric acid (10:1, v/v) for 20 h at 85 oC ac-
cording to the method previously described by
Hartzfeld et al. (2002). Total phenolic content
(TPC) was calculated as the total of the sol-
uble and hydrolysable polyphenolic fractions as
mentioned by Perez-Jimenez and Saura-Calixto
(2005). TPC was obtained according to the
Folin-Ciocalteau procedure as represented by
Singleton (Singleton et al., 1999). Data were
evaluated as average values (n = 3) and showed
as mg of Gallic acid equivalent (GAE)/ g of dry
matter (DM) and analyses were conducted in
triplicate.

Determination of peroxide value

The evaluation of the peroxide value (PV) was
performed according to the AOCS (2003) pro-
cedure. Accordingly, 2 g oil, extracted from
bread according to the AOCS method 3-54, were
weighed in a glass Erlenmeyer flask and mixed
with 10 ml chloroform. Glacial acetic acid (15
ml) and a saturated aqueous solution of po-
tassium iodine (1 ml) were added and then
shaken and stored in the dark for 5 min. Dis-
tilled water (75 ml) was then added and mixed
and the free iodine was determined with a 0.01N
solution of sodium thiosulphate, using a starch
solution (10 g/l) as indicator. All analyses were
carried out in triplicate.
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Table 1: Effect of substituting acorn flour on mixing properties of wheat flour dough with 70% extraction

Extensograph properties

Farinograph properties Proving time

Acorn flour 45 (min) 90 (min) 135 (min)

level (%) WA (%) DST(min) DDT(min) DS(BU) RE (N) EX (mm) RE (N) EX (mm) RE (N) EX (mm)

0 60.2±3.3a 1.9±0.06c 1.1±0.044c 190±5.6a 112.4±2.5e 201±5.5a 104.3±3.1d 174±1.1a 87.6±2.4d 133±2.1a

10 58.4±2.12ab 2.0±0.55c 1.3±0.02b 100±4.7b 170.9±3.6d 186±3.43b 167.5±2.5c 163±2.3a 141.4±2.03c 121±5.6b

20 57.1±3.14ab 2.3±0.39c 1.3±0.071b 92±3.2b 207.4±4.52c 144±2.6c 256.4±3.8a 125±2.05b 211.5±4.8a 98±4.8c

30 54.3±1.06b 3.0±0.11b 1.4±0.05b 90±3.29b 325.4±2.88a 112±4.5d 268.6±5.4a 110±1.19bc 198.3±6.2b 96±1.5c

40 44.8±3.31c 3.6±0.25b 1.8±0.11b 20±1.25c 277.1±7.62b 92±5.1e 212.3±4.6b 91±2.3c 209.8±5.5a 80±3.4d

50 37.9±2.56d 4.8±0.35a 2.3±0.15a 16±0.9c 211.8±5.12c 85±4.7e 215.1±5.1b 85±2.15c 201.1±4.3ab 82±2.12d

WA, water absorption ; DDT, dough development time; DST, dough stability time; DS, degree of softening; RE, Resistance to extension ; EX,
extensibility; BU(Brabender unit). Values are expressed as mean of two replications ±S.D. Different letters show significant differences at a
significance level of 5%.

2.8 Bread physical properties

The volume of bread was measured in duplicate
utilizing a volume analyser BVM-L370 TexVol
Instruments (Viken, Sweden). Crumb bread col-
our was determined in the CIE L*a*b* system
through the reflectance procedure using Color i5
spectrophotometers (X-Rite, USA) adjusted for
the following parameters: illuminate D65, meas-
uring geometry d/8, slit width 25 mm, observer
10o (Marpalle et al., 2014). The colour of all
samples was determined 1 h after baking. A
mean of four evaluations for L*, a* and b* val-
ues were saved. Average values of at least 2
breads were taken for statistical goals. Firm-
ness of bread crumb was evaluated by a puncture
test utilizing an Instron 4301 (Instron LTD. High
Wycombe, UK). On the test day, crosshead speed
was set at 10 cm/min and bread samples were
punctured with a 3-mm cylindrical probe. The
result of the puncture tests were achieved from
force–distance curves and the firmness parameter
was taken as the force (N) required to puncture
the bread crumb. All analyses were carried out
in triplicate.

2.9 Sensory evaluation

The sensory acceptability was performed on the
bread samples with the various percentages of
acorn flour. Each bread slice (2 cm thick) coded
with a number and served to each the panel, con-
sisted of 24 untrained assessors (aged between 21
and 43 years) who evaluated the bread overall

acceptability, under normal (daylight) illumina-
tion. The measuring of acceptability of the acorn
toast bread samples was taken by a nine-point
hedonic rating scale, utilized with scores of 1, 5
and 9 representing “dislike extremely”, “neither
like not dislike” and “like extremely” respectively
(Lin et al., 2009).

2.10 Statistical analysis

Statistical software of SAS v. 9 was utilized for
the statistical analysis of the data achieved in
this research. All data were subjected to analysis
of variance (ANOVA) and the means of the res-
ults at a significance level of 5% were compared
by Duncan’s multiple range test.

3 Results and Discussion

3.1 Chemical analysis of flour
types

Compositions of acorn flour (AF) and wheat flour
(WF) are presented in Table 2. One of the im-
portant factors influencing the overall quality of
flours (colour, flavour, texture) is pH, accord-
ing to Sabrin (2009). The moisture content of
flours is a critical quality factor for transporta-
tion, packaging and preservation. Moreover, the
moisture content also should be standard. The
results illustrated that the pH values of AF and
WF were the same (5.64). AF had a lower mois-
ture (4.12%) and protein (4.21%) contents than
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WF but higher fat (6.49%), fibre (3.11%) and
ash (2.19%) contents. Hadnadev et al. (2011) re-
ported that the fat content of wheat flours was
within the range of 0.75–2.34%. Sabrin (2009)
introduced acorn is a remarkable food source of
calorie because of its high levels of fat. The
Amount of fat can affect staling, so flour types
with high-fat contents are desirable for utilize in
low-moisture food products such as biscuits or
cookies. The index of TPC for WF (8.21 mg
GAE/100 g) was much lower compared to AF
(49.8 mg GAE/ 100 g). Adom et al. (2003) re-
ported that TPC for various wheat varieties was
within the limit of 710–860 µmol gallic acid/g.
Finally, the AF had a higher caloric value (402.7
± 18 kcal/100 g dm) probably as a result of its
higher fat content which is in close agreement
with Silva et al. (2016). Therefore, due to its
higher nutritional value and TPC, AF was added
to WF to upgrade the bread functional proper-
ties.

3.2 Rheology of the dough

A farinograph analysis was performed to evaluate
the effect of different AF percentages substituted
for WF on the mixing and develops properties
of the dough and is presented in Table 1. Wa-
ter absorption significantly (p < 0.05) decreased
as AF substituted WF and the control had the
maximum water absorption. The ability to water
absorb, applied by farinograph, depends on the
protein content and damaged starch, as well as
on the power of gluten to entrap water and lead
to be positively related to bread yield. Thus, sub-
stitution of WF with AF suggested a decrease in
the gluten content and subsequent water absorp-
tion of the sample.
The dough stability and development time signi-
ficantly increased (P < 0.05), while a significant
decrease (P < 0.05) in degree of softening was
showed. Dough development time is defined as
the time required to reach the maximum torque.
Extending of dough stability to developing and
mixing and confining drop of consistency (soften-
ing index), are both essential for dough spread-
ing. The Degree of softening and dough stability
time indicates the rate of breakdown and flour
strength, with a lower degree of softening and

a higher dough stability suggesting a stronger
dough, according to Alaunyte et al. (2012). The
lower gluten content and the presence of tan-
nins and hydrocolloids in AF led to retardation
of water absorption, extending the dough devel-
opment time. The interaction of the acorn fibre
and wheat gluten could improve the gluten net-
work during mixing and cause such a decrease in
degree of softening. This is consistent with the
result reported by Hu et al. (2017), who repor-
ted that the dough with a longer stability time
always exhibited a lower weakening index.
The dough properties, including extensibility and
resistance to extension at different fermentation
times (45, 90 and 135 min) with 10 - 50% AF
substitution were determined by extensograph.
According to the results presented in Table 3,
in each of the samples with an increasing AF
substitution level, the resistance to deformation
and the extensibility of the dough significantly
(p<0.05) increased and decreased, respectively.
It may result with the increment time of ferment-
ation, the dough lost its resistance to long-term
proofing; thus, the proofing time should be de-
creased.
Since the properties of the flour gluten is dir-
ectly related to the results of extensograph, the
increased dough resistance to deformation at 0-
30% substitution can be explained by the interac-
tion between the fibre content of AF and gluten
network. The reduction in the samples’ gluten
content (40-50% substitution) caused a decrease
in the dough’s resistance to deformation. De-
creasing the extensibility of the dough due to the
formation of capable gluten and fibre network led
to its higher firmness and speeds up tearing, ac-
cording to Rosell et al. (2001).
A correlation seems to exist between the farino-
graph and extensograph indices. Comparing the
results of the dough properties with the water
absorption decrease proportional to the level of
acorn flour added, it is revealed that the interac-
tions between the gluten matrix of the dough and
added the acorn have been so strong that could
increase the consistency of the dough structure.
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Table 2: Proximate composition of wheat and acorn flours

Parameters Acorn flour Wheat flour

Moisture (%) 4.12 13.12
Fat (%) 6.49 2.38
Ash (%) 2.19 0.76
Protein (%) 11.13 4.21
Fibre (%) 3.11 0.42
Energy (Kcal) 402.7 320.8
Total phenolic content (mg GAE/100g) 49.8 8.22

Reported values are the mean of at least 3 replicates

Table 3: Total phenolic content, peroxide value and staling properties of the breads containing 0-30%
acorn flour. Different letters show significant differences at a significance level of 5%.

Acorn flour Enthalpy (j/g) Firmness (N) Total phenolic content Peroxide value

level (%) After 24h After 48h After 72h After 24h After 48h After 72h (mg GAE/g) (meq O2/kg)

0 1.23±0.01a 2.41±0.05b 3.57±0.33a 102±2.33c 106±3.3c 105±2.51d 0.52±0.04d 5.33±0.61a

10 0.88±0.001b 2.33±0.03b 3.17±0.05b 104±1.12c 112±2.2c 129±3.4c 4.87±0.63c 2.17±0.052b

20 0.54±0.003c 2.37±0.11b 3.22±0.05b 153±3.01b 155±1.88b 178±3.7b 6.32±0.88b 1.03±0.31c

30 0.95±0.01ab 2.98±0.2a 3.64±0.08a 194±0.25a 199±3.63a 231±2.55a 9.44±0.67a 0.36±0.05b

3.3 Bread retrogradation

It has been reported that staling caused re-
organization of the gelatinized starch in an
ordered crystalline structure known as retro-
gradation as described by AACC (2000). This
re-crystallization leads to staling of cereals and
food products. Katina et al. (2006) reported that
one way to measure bread staling is measurement
of the heat required to melt crystallized starch.
The obtained enthalpy was the meaningful para-
meter for detecting significant differences lead to
staling in the bread firmness.
The enthalpy of the control, 10, 20 and 30 %
acorn bread after 24, 48 and 72 h of storage are
shown in Table 3. The panellists gave the low-
est score of overall acceptability to the 40 and
50% acorn bread samples; they were therefore
discarded and were not subjected to the staling
test.
For fresh bread (on the day of baking), a decrease
in the enthalpy in comparison to the control by
addition of AF at 10 and 20 % was observed,
although an increase was showed at 30% sub-
stitution. The exact levels of this addition were

not statistically significant in the reduction of the
melting enthalpy in comparison with the control.
Differences were observed between the enthalpies
of the samples with different levels of AF which
were proportional to the replacement levels on
the second and third day of storage.
The firmness values of the bread in the course
of storage are presented in Table 3. In most
cases, bread firmness increased significantly over
the storage period. However, the addition of AF
changed the degree of these modifications. On
the day of storage, the loaves with 20 and 30
% AF were comparably as firm as the control.
Thus, it implied that after 24, 48 and 72 h of
baking, staling of the sample with 20% AF was
lower than of the control and this sample went
staler compared to the control. The reduction
in the recrystallization enthalpy of amylopectin
and the rise in firmness could be caused by three
factors. I) Partial substitution of starch with AF
caused a reduction in the total amount of amyl-
opectin in the system, II) amylopectin could in-
teract with AF and retard its re-crystallization
and III) Amylose chains’ content could bind with
fibres and hydrocolloids and inhibit them from
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linking to each other. It seems that the low
fat, fibre and hydrocolloid contents of the sample
with 20% AF did not restrict staling, because this
amount of fat and hydrocolloids was too little to
cover the flour particles and consequently staling
occurred (Gray & Bemiller, 2003). Therefore, it
would control water mobility and preserve starch
from going stale and the texture from becoming
hard. It should be mentioned that staling is a
complex process that includes re-crystallization
of amylopectin only as one of many factors.

3.4 Phenolic analysis

Total phenolic content (TPC) and peroxide value
(PV) of the bread samples containing various
percentages of AF are presented in Table 3. The
results suggested that by increasing acorn levels,
TPC of the breads significantly increased. Some
of the literature reports that tea had polyphenols
which, have a noticeable preventable impact on
the rice starch retrogradation (Wu et al., 2009).
In this research we did not show any significant
correlation between TPC of the bread samples
and the enthalpy of retrogradation.
Acorn bread samples with peroxide values (PV)
of 0-50% were used to evaluate the impact of the
temperature of baking on the acorn oil, as well as
on the shelf life of the breads (Table 3). As the
replacement of the level of AF for WF increased,
PV was found to decrease. This indicates that
the increment of antioxidants and phenolic com-
pounds decreased the oxidation of the bread com-
pounds during baking and consequently PV de-
creased.

3.5 Bread properties

The physical properties of the composite bread
including various levels of AF substitution are
shown in Table 4. It was found that with in-
creasing concentration of AF at the same wa-
ter content, the volume of the samples decreased
24.39%. Fibres can modify bread loaf volume
and the firmness of the loaf. As a rule, the incor-
poration of fibres in bread reduces loaf volume
and increases firmness (Table 3), but the extent
of modification depends on the fibre source (El-
leuch et al., 2011). Moreover, Kurek and Wyr-

wisz (2015) revealed that a reduction in the loaf
volume of the breads obtained, was the main
problem of the addition of dietary fibre to bakery
products.
It was found that as the substitution of AF in the
mixture increased, the breads became darker as
evidenced by the lower L* index of the mixture
in comparison to that of the control. Pasqualone
et al. (2019) remarked that, the addition of acorn
flour caused darkening in biscuits. Browning was
due to the phenolic fraction of flour, which is
known to easily undergo oxidation by polyphen-
oloxidase (Pasqualone et al., 2014; Taranto et al.,
2012).
The lowest index (63.32) L* was for 50% AF
bread and the highest one (91.62) belonged to
the control sample as shown in Table 4. An in-
crease in a* and b* values of the bread may be
due to the inherent dark colour of the acorn meal.
In the case of a*, the addition of AF resulted in
its change from negative to positive values, sig-
nifying the supremacy of red over green in the
bread colour. In all cases, the value of b* was
positive, which corresponds to that yellow was
more intensive than blue both in the control and
AF-containing breads. Replacement of WF with
AF caused an increase in crumb yellowness. The
results were consistent with a previous study by
Skendi et al. (2018).
The porosity of the breads which, was charac-
terized by digital image analysis, is depicted in
Figure 1. The sample with 30% substitution of
AF was characterized as the most porous sample.
Substitution of 40- 50% AF caused a decrease
in porosity to values comparable with or higher
than those observed for the control. The reduc-
tion in porosity is probably due to a dilution of
gluten and the interruption of its structure by
the increased AF content, providing impairment
in gas retention. The results are consistent with
the study reported by Korus et al. (2015).
Sensory evaluation is the key procedure to assess
the quality of food and requires a small sample
size and less time. The descriptive evaluation of
the sensory results of the breads made from WF
and various concentrations of AF are presented
in Figure 2.
The 40% substitution of AF had a remarkable
impact on the appearance of the bread. Further
addition of AF up to 50% caused a decrease in
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Figure 1: Effect of Acorn Flour addition on the internal structure of toast bread. Control: 100% Wheat
bread; A) mixture of 90% refined Wheat Flour (70% extraction rate) and 10% Acorn Four; B) mixture
of 80% refined Wheat Flour (70% extraction rate) and 20% Acorn Flour; C) mixture of 70% refined
Wheat Flour (70% extraction rate) and 30% Acorn Flour; D) mixture of 60% refined Wheat Flour (70%
extraction rate) and 40% Acorn Flour; E) mixture of 50% refined Wheat Flour (70% extraction rate)
and 50% Acorn Flour.
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Table 4: The results of the proximate analysis and physical properties of the bread samples

Acorn flour level (%) Bread volume(cm3) L*value a*value b*value

0 318.67 ± 3.22a 91.62±1.5a -1.21±0.05d 12.7±0.9b

10 279.32±1.17bc 87.60±2.3b 4.31±0.9c 17.7±0.85a

20 277.21±2.8c 73.33±2.03c 6.85±1.1b 17.2±0.36a

30 280.50±1.01b 70.91±2.03cd 7.12±0.8ab 17.2±0.74a

40 263.46±1.6d 67.42±1.1d 7.75±1.32a 17.1±1.1a

50 240.91±2.4e 63.32±1.3e 7.6±0.5ab 16.5±1.02a

Values are mean ± standard deviation (n=3). Mean values in the same row sharing different
superscripts were significantly different (P < 0.05).

Figure 2: Results of the sensory evaluation of the control and acorn bread samples.

the score of this attribute. Flavour and texture
were also more acceptable for 0-30% substitution
than other samples. The highest overall accept-
ability score (7.43) was given to 30% AF bread
and in higher levels of replacement, acceptabil-
ity scores decreased. The bread with 50% AF
substitution had the minimum acceptable taste.
Therefore, the addition of AF (up to 30%) had a
clearly positive impact on the overall acceptance
and the sensory attributes of the toast bread.

4 Conclusion

This research was undertaken to see the po-
tential of acorn flour addition on the physico-
chemical properties of Iranian toast bread, and
has achieved new findings. Acorn flour expressed
a higher fibre content, protein, fat compared than
wheat flour. Adding acorn flour had considerable
changes in rheological properties. The degree of
softening, water absorption and dough extens-
ibility decreased, while dough stability, develop-
ment times and resistance to extension increased.
The brightness of the bread crust decreased sig-
nificantly with the increased acorn flour level and
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the toast became darker with the acorn flour
enrichment, compared to the control. Acorn
was found to be higher in antioxidant capabil-
ity as evidenced by its higher phenolic content
and lower peroxide value compared to the con-
trol toast. According to the panellist’s score in
the sensory evaluation and considering the res-
ults obtained in this experiment, Iranian toast
enriched with 30% acorn flour was suggested as
an acceptable and beneficial food.
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