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Table 1- Variables and levels used in the Central Composite method to evaluate and

optimize bread enriched with acorn flour

Independent variable

symbol in the final model

Levels of variables used

1 0 -1
Gluten percentage A 4 2.5 1
Acorn flour percentage 30 20 10
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Table 2- Examining the coefficients of the bread texture measurement model enriched with acorn flour

and gluten

Firmness (N)
Independent variable First day Fourth day
Fixed model 8.40%%* 20.54%*
Gluten-percentage (A) -0.38*** -2.19
Acorn flour - percentage (B) 0.540%%% 8.53%*
AB - _
A? 0.19 3.22
BZ _0.34-35:--:5:- 4 76,_
Lack of Fit error n.s n.s
Model significance sesiesk e
R? 0.97 0.95

* (P <0.05), ** (P <0.01) and *** (P < 0.001) indicate the significant effect of the model components on the

investigated feature and the significance of the model.

n.s means non-significance. The coefficients of the model are given as coefficients of coded variables (-1 to

1).
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Fig. 1. The effect of gluten and acorn flour on bread firmness
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Fig. 2. The effect of acorn flour and gluten on the volume and porosity of bread
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Table 3- Statistical comparison of model quality indicators with experimental data and statistical
comparison of optimal and control samples

Quality _ Control Sig Prediction Sig
measurement Optimal sample sample results of

parameter P (Anova) optimization ~ (Anova)
Stiffness (Newton) 7.97£0.37 8.48 £ 0.56 Ns 7.32N Ns
Stiffness on day 4 18.03 +0.70 16.27 + 0.81 Ns 17.79N Ns
(Newton)

Special volume 3.97£0.27 4.04 £0.10 Ns 3.75 Ns
Chroma - crust 15.16 £ 0.71 21.11+21 #* 14.39 Ns
Porosity (percentage) 37.63+1.03 37.09+£0.78 Ns 37.25 Ns

* indicates a statistical difference at the significance level of 95% and ns indicates no statistical difference

among the samples.

*Sig(Anova): indicates the statistical difference between the control sample (without acorn flour) and the

optimal sample.

*Sig(t-test) indicates the statistical difference between the software proposal and the laboratory measured

characteristics in the optimal sample.
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Table 4- Sensory evaluation of bread enriched with acorn

Bread crust Bread core The aroma of Overall

Sample Bread texture

color color bread acceptance
Control 450+£0.90? 4.42+0.60 2 4.42+0.66 2 4.17£0.57 2 4.08+0.90 2
Optimum (10% b b
acorn flour) 4.41+0.88°2 4.66+0.42 @ 4,75+ 0.45 2 4.75+ 0.45 4.83+£0.38
*Same letters indicate no significant difference in an index
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In addition to the nutrients, acorn fruits contain a large amount of
Polyphenolic compounds. For this reason, acorn can be considered as
a suitable raw material for making bread and sweets. The use of acorn
flour in food products leads to enhancing their nutritional value,
creating added value for this forest fruit and then, helps to preserve
oak lands and forests. Therefore, the purpose of this research was to
enrich bread using acorn flour. So, the effect of replacing 10-30%
acorn flour with wheat flour along with 1-4% gluten on the quality
characteristics of the produced bread was investigated. Optimization
of bread formula was done based on response surface method. The
results showed that the use of acorn flour leads to an increase in
hardness in bread and the addition of gluten moderates part of this
effect. The initial hardness and specific volume of the samples were
obtained in the range of 7.31 to 9.1 N and 2.94 to 3.7 cm3/g
corresponding to the samples with the lowest and highest amount of
acorn flour. The results of image processing of bread crumb showed
that with the increase in the percentage of acorn flour usage, the
percentage of porosity decreased significantly, although the porosity
value was increased by the addition of gluten (p<0.05). It was also
found that the addition of acorn flour caused a decrease in the
brightness of the crumb and crust of the bread. Finally, the optimized
formula with 10% acorn flour and 4% gluten was more accepted by
the panel taste, with a score of 4.83, compared to the sample without
acorn flour, which scored 4.08. Therefore, it is possible to remove the
disadvantages of bread containing oak flour by adding gluten and
even achieve bread with a more favorable overall acceptance than
wheat bread.
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