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ABSTRACT
In this study, it was aimed to evaluate the effects of adding olive seed powder (OSP) and eggshell
powder (ESP) to whole wheat biscuit formulation on some of the physico-chemical, chemical,
textural and sensory properties. Incorporation of powder materials was done by adding to biscuit
dough at prespecified concentrations of OSP (7.5% and 15%) and ESP (2.5%) based on total wheat
flour. The data obtained from this study revealed that fortification with powder materials affected
protein and moisture content of final product. Additionally, adding powder materials to whole wheat
biscuit formulation increased the total amount of phenolics and antioxidant activity significantly.
Results of instrumental colour analysis indicated that fortification increased darkness and redness
when compared with the control. Sensory analysis data indicated that non-fortified and fortified
samples provided similar sensory attributes.
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Introduction
There has been a rise of demand to healthier and
functional foods in the recent decades. By doing so,
utilization of food by-products which are rich in minerals
and bioactive substances has gained more attention to add
value to the product and to lower environmental drawbacks
of food processing by-products. Due to market forecasts,
there will be a strong biscuit sales growth by 2020, and the
producers are expected to introduce healthier and
functional products to the market (Cukelj et al., 2016).
Since biscuits are popular and consumed regularly by
various groups of consumers, adding functional ingredients
to develop functional biscuits have been payed attention
(Caponio et al., 2015). Biscuits are appropriate products to
incorporate different ingredients into the diet due to its
convenience of consumption (easy-to-carry) and long
shelf-life. Previously, biscuits were fortified with different
ingredients such as mango peel powder (Aslam et al.,
2015), flaxseed powder (Čukelj et al., 2017), bee pollen

(Krystyjan et al., 2015), fermented soybean meal (Silva et
al., 2018), grape marc extract (Pasqualone et al., 2014),
grape pomace (Mildner-Szkudlarz et al., 2013), mint (Bajaj
et al., 2006), bamboo shoot powder (Choudhury et al.,
2015) chickpea flour and broad bean flour (Rababah et al.,
2006), defatted groundnut paste (Dauda et al., 2018) and
purple wheat (Caponio et al., 2015).
Eggshells as by-product of the food industry, have
significant level of calcium (Afzal et al., 2020; Naves et al.,
2007) and olive seeds (olive stone, olive pits) have
bioactive and valuable compounds (Rodríguez et al.,
2008). Innovative food applications of olive by-products
(i.e., the improvement of nutritional functionality and
sensory quality of enriched food) has been discussed by
Nunes et al. (2016). Eggshells were studied as adsorbent
(Mittal et al., 2016), added in baked starch foam and used
in biodiesel production (Niju et al., 2014). High amount of
calcium (Ca) [around 40%, in the form of calcium
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carbonate (98.43%) and calcium phosphate (0.75%)] as
well as magnesium (Mg) (around 0.5%) and phosphorus
(P) (around 0.1%) were found in eggshells. In some
previous studies, ESP has been used in muffins (Afzal et
al., 2020), butter cake (Salem et al., 2012) and milk (Fina
et al., 2016). In addition, eggshells were used for calcium
fortification of fermented pork sausage (Daengprok et al.,
2002) and it has been reported that, they can be used to
fortify some other foods (Brun et al., 2013; Naves et al.,
2007). Therefore, fortification of biscuits with ESP and
OSP could significantly broaden the supply of pro-health
biscuits as well as reduce the environmental drawbacks of
by-products.
This work aimed to develop a biscuit product enriched
with ESP and OSP which are by-products of food
processing. In this study, the combined effect of these
powders on total phenolics, total antioxidant activity,
mineral content, physical properties and consumers'
acceptance of biscuit samples were investigated.
Materials and Methods
Medium range white eggs, olives (black, fermented,
salted, XL size), whole wheat flour, wheat flour, pounded
oats, coconut oil, sunflower oil, butter, eggs, iced sugar,
invert sugar, vanilla flavor and baking powder were
purchased from the local market.
Preparation of ESP and OSP
Egg shells were sterilised at 121°C for 15 min in an
autoclave after washed with tap water. They left 2 days at
60°C for drying to get the final moisture content around
12%. Dried eggshells were milled using a centrifuge mill
(Retsch-zm 200, Retsch, Germany) at 10000 rpm.
Olive seeds were washed prior to drying process in an
oven at 100°C for 4 hours to get the final moisture content
around 12%. Dried seeds were milled using a hammer
mill (Polymix, Kinematica, Switzerland) at 6000 rpm
prior to size reduction in the centrifuge mill at 10000 rpm.
Both ESP and OSP samples were sieved by laboratory
bench size sieves (Retsch-AS 200) (Restsch, Germany).
The powder fractions below 100 µm size were used in
biscuit production.
Biscuits Preparation
The method reported by Krystyjan et al. (2015) with
some modifications was used to obtain the dough and
baked biscuits. Dry ingredients presented in Table 1 were
mixed together to obtain dough structure. The biscuits
with OSP substitution in amounts of 0, 7.5 and 15% - in
relation to the total amount of wheat flour - were prepared
in the same way as the control sample (biscuits without
ESP and OSP). ESP was added to biscuit samples at a
concentration of 2.5% (based on total wheat flour). The
dough was mixed for 10 min at around 20°C to achieve a
homogeneous consistency and then left 30 min for resting
and maturation. The dough was then rolled out and 5 mm
thick biscuits with a 60 mm diameter were formed and
baked at 200°C for 10 min. These were then stored in
glass containers at around 20°C until conducting the
analyses.

Determination of Proximate Composition of Biscuits
The chemical compositions of biscuit samples were
analysed according to the methods of the American
Association of Cereal Chemists (AACC, 2009). Moisture
content, ash content, protein content and fat content analyses
were conducted according to AACC 44-19.01, AACC 0801.01, AACC 46-12.01 and AACC 30-25.01, respectively.
Preparation of Extracts for Total Phenolic Content
(TPC) and Antioxidant Activity (AA) Analyses
The extract preparation for total phenolic content
(TPC) and antioxidant activity (AA) analyses were done
according to methods reported previously (Apak et al.,
2006; Grasso et al., 2019). For this purpose, 20 mL of
absolute methanol was mixed with 1 g of sample prior to
resting the mixture 1 hour at ambient temperature. Then,
the mixture was centrifuged for 10 min at 1.5x g. the
supernatant was used for TPC and AA analyses.
Determination of TPC and AA
For the determination of TPC, 0.1 mL of extract was
taken and mixed with 1.5 mL of distilled water and 0.1 mL
of Folin-Ciocalteu phenol reagent (1:1) and homogenized.
After resting for 5 min, 0.3 mL of 20% Na2CO3 solution
was added and vortexed. The mixture was incubated for 60
min at room temperature in dark. The absorbances at 765
nm were measured in standard cuvettes using a Shimadzu
UV-1280 UV-vis spectrophotometer (Kyoto, Japan)
against a regent blank. The results were expressed as µmol
of gallic acid equivalent (GAE) per g of dry matter.
For the determination of the cupric reducing
antioxidant capacity (CUPRAC), 1.1 mL of extract was
added to the mixture containing 1 mL of 7.5 mM
neocuproine solution, 1 mL of 10 mM copper chloride (II)
and 1 mL of NH4Ac buffer (pH 7.0). The final mixture was
incubated for 1.5 h at room temperature. The absorbances
at 450 nm were measured and the results were given as
μmol Trolox equivalents per g (μmol TE/g).
Mineral Analysis
An inductively coupled plasma-mass spectrometer
(Agilent 7700 ICP-MS) was employed to determine
mineral elements (Fe, Ca, Mg, Na, P, Zn and Se) in biscuit
samples. Sample preparation, analytical procedure and
analytical parameters were followed as given by
Chudzinska and Baralkiewicz (2010).
Determination of Physical Characteristics
A TA-XT plus Texture Analyzer (Stable Micro System,
Haslemere, UK), equipped with a 5 kg load cell and heavyduty platform was used to analyse hardness of biscuits
(n=10) at 20 ± 2°C. Hardness and brittleness were
measured by compressing biscuits with a 75 mm diameter
P/75 aluminium probe (Silva et al., 2018). The test speed
was set to 3.0 mms-1. Maximum force (the value of force
needed to crack the biscuit in Newton) was determined
from the force-time curves obtained.
The colour properties of biscuit samples were
determined using a colorimeter (Minolta CR 400) (Konica
Minolta, Osaka, Japan). The CIELab L* (0 black, 100
white), a* (- green, +0 red), b* (- blue, + yellow) colour
components were analysed (Silva et al., 2018). The tests
were repeated 3 times.
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Table 1. Ingredients used for the preparation of biscuit dough
Components [%(wt/wt)]
CS
B1
B2
Wheat flour
20
20
20
Whole wheat flour
20
18
17
Pounded oats
20
18
16
Coconut oil
5.5
5.5
5.5
Sunflower oil
4
4
4
Butter
2.5
2.5
2.5
Eggs (whole)
1.5
1.5
1.5
Icing sugar
15
15
15
Invert sugar
6
6
6
Cinnamon powder
0.35
0.35
0.35
Vanilla powder
0.4
0.4
0.4
Baking powder
3.5
3.5
3.5
Salt
1.25
1.25
1.25
ESP
0
1
1
OSP
0
3
6
CS: Control Sample, ESP: Egg Shell Powder, OSP: Olive Seed Powder,
B1, B2: biscuit samples

Sensory Analysis
12 trained panellists were recruited to carry out sensory
acceptance test. The samples were coded with three
random letter and digits numbers and given to panellists in
random order. Bottled water was offered to panellists to
clean their mouth between evaluating different biscuit
samples. A five-point hedonic scale was used to evaluate
general appearance, colour, hardness, chew ability,
distribution in mouth, taste and overall acceptability of
biscuits, ranging from “dislike very much” (point 1) to
“like very much” (point 5).
Statistical Analysis
Analysis of variance was applied to the experimental
data at the confidence level of P<0.05, using Minitab 17
software (Minitab Inc., Pennsylvania USA). The test of
Tukey's HSD was used to determine statistically significant
differences.

that the fat content of eggshell fortified muffins decreased
as the amount of added eggshell powder increased.
However, in this study, slight differences in the fat content
of ESP and OSP fortified biscuit samples were observed
when compared to control sample. This result might be
attributed to the fat fraction present in OSP which
contributed to the total fat content of biscuits.
Total Phenolics and Antioxidant Activity
It was reported that oil seeds and nuts are rich in TPC,
flavonoids, flavan-3-ols and condensed tannins (Sarkis et al.,
2014). According to a recent study, olive seeds contain
phenolic compounds ranging from 3.56 to 11.32 mg g-1 of
gallic acid equivalent (GAE) of dry weight depending on the
variety and maturity (Elbir et al., 2015). It was reported that
baking process reduce the recovery TPC due to some
adverse effects of thermal treatment (Rupasinghe et al.,
2008). Pasqualone et al. (2014) compared the TPC of flour
samples and biscuits and they report a significant decrease
in the amount of TPC after baking process. Fortification of
biscuits with OSP, which has a certain amount of phenolics,
and baking process may affect the phenolic content of final
product. Based on the data given in Table 3, it can be seen
that the content of total phenolics increased in terms of GAE
in parallel with the level of OSP addition. The data shown in
Table 3 revealed that the increase in TPC and AA of 1 g ESP
and 6 g OSP added biscuit samples were statistically
significant. The data obtained in this study (ranged from 32.1
to 37.4 μmol g-1 GAE) showed higher than those reported in
literature (Čukelj et al., 2017; Silva et al., 2018). The AA is
expected to be at a certain level due to the presence of
phenolics and other bioactive compounds. The AA of biscuit
samples increased (ranged from 12.0 to 18.3 μmol g-1 trolox
equivalent (TE) at dry basis with the addition of OSP when
compared to the control sample (Table 3). The findings
found in literature are lower than the data obtained from this
study (Caponio et al., 2015; Čukelj et al., 2017). The reason
might be attributed to the difference in the formulations used
to prepare biscuit dough.

Results and Discussion
Chemical Composition of Biscuits
Even though all biscuit samples were in edible status,
they were noticeably different in terms of appearance
(Figure. 1C, 1D and 1E). Table 2 exhibits the chemical
composition of biscuit samples. One can notice that the
addition of ESP and OSP caused a decrease in moisture
content which ranged from 4.85 to 3.86%. It was also
found that there was an increase in ash and protein contents
in the samples which was fortified with ESP and OSP. The
ash content of biscuit sample fortified with ESP and OSP
showed a significant increase, high level of ash was noticed
in B2 with 1 g of ESP and 6 g of OSP (1.87 ±0.04%)
followed by B1 with 1 g of ESP and 3 g of OSP
(1.77±0.03%) and the lowest in CS (1.38±0.13) (Table 2).
An increase in the ash content and protein content might be
attributed to the rich mineral content found in ESP and
some amount of protein that may be found in OSP. The
results obtained for CS are in agreement with those
reported by Krystyjan et al. (2015) and Silva et al. (2018).
However, the addition of ESP and OSP caused slight
differences in fat content of the samples. The results
fluctuated around 13.4 %. Afzal et al. (2020) have reported

Minerals Composition
Since eggshells are good source of calcium (Naves et al.,
2007), eggshell fortified foods exhibited a significant
increase in calcium concentration (Afzal et al., 2020). As can
be observed from Table 3, the control biscuit samples (CS)
had significant amount of minerals which were possibly
sourced from whole wheat flour and pounded oats. The
amount of calcium in control sample (SC) (2.35±0.06
mg/100g) was much lower than others except iron.
However, for the biscuit samples B1 and B2, the amount of
Ca increased dramatically (20.93±0.54 mg/100g and
19.19±0.50 mg/100g, respectively). This might be attributed
to the addition of ESP which is rich in Ca mineral. While the
changes in the amount of Sodium (Na) and Magnesium (Mg)
were not significant (P<0.05), increases in the level of Iron
(Fe), Zinc (Zn) and Phosphorus (P) were significant
(P<0.05). The increases in mineral contents of fortified
biscuit samples are considered as a result of addition of the
biscuit samples with OSP and ESP. Enrichment of mineral
content of biscuits through fortification with food processing
by-products can be considered as a viable strategy for
counteracting mineral deficiencies in children and
adolescents (Adebiyi et al., 2017).
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Table 2. Proximate composition of biscuit samples (g/100 g; mean±std.dev., n=3).
Sample
Moisture
Ash
Protein
CS
4.85 a±0.06
1.38 c±0.13
9.07 b±0.10
B1
4.05 b±0.04
1.77 b±0.03
9.19 ab±1.29
c
a
B2
3.86 ±0.06
1.87 ±0.04
9.89 a±0.14

Fat
13.61a±0.11
13.39 b±0.10
13.55 ab±0.14

CS: Control Sample, B1:1 g ESP+3 g OSP, B2: 1 g ESP+6 g OSP, ESP: Egg Shell Powder, OSP: Olive Seed Powder, Different letters in the same
column indicates significant, differences at level of confidence P<0.05

Table 3. The mineral content (mg/100 g), antioxidant activity (μmol g-1 TE) and total phenolic content (μmol g-1 GAE)
of biscuit samples (n=3)
Element
CS
B1
B2
Na
1135a±141
1261a±156
1361a±169
Mg
336.6a±22.8
338.0a±22.8
343.6a±23.2
c
a
Ca
2.35 ±0.06
20.93 ±0.54
19.19b±0.50
c
b
Fe
602.91 ±6.27
643.40 ±6.69
754.61a±7.85
Zn
7.20b±0.27
7.13b±0.27
8.67a±0.32
P
865.4b±34.4
1027a±41
974.2a±38.7
Se
nd
nd
nd
AA
12.0c±0.4
15.2b±0.7
18.3a±0.6
TPC
32.1b±0.8
35.6a±1.0
37.4a±1.2
CS: Control Sample, B1:1 g ESP+3 g OSP, B2: 1 g ESP+6 g OSP, ESP: Egg Shell Powder, OSP: Olive Seed Powder, AA: Antioxidant Activity, TPC:
Total Phenolic Content, TE: Trolox Equivalent, GAE: Gallic Acid Equivalent, Different letters in the same row indicates significant differences at level
of confidence P<0.05

Table 4. Physical properties (color attributes and fracture strength) (n=3)
L*
a*
b*
CS
65.25a±1.68
6.02b±0.46
23.13a±1.09
B1
61.12b±1.09
8.18a±0.19
21.62ab±0.90
B2
59.52b±1.50
8.49a±0.69
20.42b±0.24

Hardness [N]
1577a±177
1330a±463
1320a±719

L* (0 black to 100 white), a* (- green to + red), b* (- blue to + yellow), CS: Control Sample, B1:1 g ESP+3 g OSP, B2: 1 g ESP+6 g OSP, ESP: Egg Shell
Powder, OSP: Olive Seed Powder, N: Newton, Different letters in the same coloumn indicates significant differences, at level of confidence P<0.05

Table 5. Sensory analysis scores (n=10)
Attributes
CS
General appearance
3.83a±0.83
Colour
3.92a±0.51
Hardness
4.08a±0.79
Chewability
4.08a±0.79
Distribution in mouth
3.50a±0.90
Taste
4.17a±0.72
Overall acceptability
3.75a±0.45

B1
4.00a±0.74
4.08a±0.51
3.75a±1.05
3.75a±0.96
3.75a±0.86
3.92a±0.67
3.75a±0.75

B2
3.92a±0.90
4.00a±0.74
4.08a±1.24
3.50a±1.00
3.83a±1.11
3.83a±1.03
3.58a±1.24

CS: Control Sample, B1:1 g ESP+3 g OSP, B2: 1 g ESP+6 g OSP, ESP: Egg Shell Powder, OSP: Olive Seed Powder, Different letters in the same row
indicates significant differences at level of confidence P<0.05

Physical Characteristics
Color is one of the important parameters used to
evaluate consumer acceptance and used for process control
during oven-cooking. According to the data given in Table
4, B2 samples have the darkest (L*) (59.52±1.50) and
reddest (a*) (8.49±0.69) color attributes when compared to
B1 and CS while CS was noted as the yellowest (b*)
(23.13±1.09) and lightest (L*) (65.25±1.68). The reason of
biscuit color changing might be linked to brown color of
OSP and explains why B2 samples have the darkest and
reddest color. This is indicative of the existence of a
browner colour on the biscuit samples. The changes in
color properties could be attributed to the effect of ESP
(white) and OSP (brown) (as seen in Figure. 1A and 1B,
respectively), which were added to the biscuit samples at
different concentrations. Another reason might be the
effect of Maillard reaction take place during baking
(Caponio et al., 2015).

Hardness is associated with human perception of
freshness and one of the important textural properties which
is used to evaluate baked products (Karaoǧlu and Kotancilar,
2009). Table 4 exhibits the hardness values (the peak force
applied to break the biscuits on the test rig) obtained from
force-time curves. The values of hardness showed that
sample B2 was the softest (1320±719 N) and CS was the
hardest (1577±177 N). It can be stated that adding ESP and
OSP to biscuit formulations resulted in softer texture. This
could be explained by looser matrix formation in the
formulations which ESP and OSP added. Oksuz and
Karakas (2016) studied the texture of gluten-free biscuits
and they indicated that there was a positive correlation
between the hardness values and the moisture content of the
biscuits. Their finding is in agreement with the data obtained
in this study which depicts that the force needed to crack the
biscuits get greater as the moisture increases (Table 2 and
Table 4).
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adding ESP and OSP was found to increase the mineral
composition, TPC and AA of biscuit samples.
Additionally, it increased darkness and decreased
hardness. Results derived from sensory analysis
demonstrated no significant differences (P<0.05) between
the fortified and control samples. The results obtained in
this study would be useful in improving biscuit quality and
designing future studies as well as being a good example
to utilization of food processing by-products to add value
to products from the view of fulfilling consumers
expectation for healthier products.
Acknowledgements

Figure. 1. Images of powder samples used and biscuit samples
produced (A-egg shell powder, B-olive seed powder, Ccontrol sample, D-biscuit sample B1, E-biscuit sample B2)
The moisture is not an only factor affecting hardness, but
also fat content that increases brittleness and other factors
such as a more open and irregular structure of the sample,
protein denaturation, loss of water-holding capacity,
solubility of proteins and coagulation need to be taken into
account (Pereira et al., 2013)
Sensory Evaluation
Sensory analysis is an important tool to be considered
in new product development and evaluation. In order to
investigate consumer preferences and the level of
acceptance, consumer acceptability tests were conducted
based on the determination of the magnitude of responses
(likes and dislikes). In this work, 12 trained panellists were
recruited and corresponding sensory scores for each of the
attributes are presented in Table 5. All three biscuit
formulations were assigned overall acceptability scores
above 3.50 points on a scale of 1–5 points by the panellists.
Panellists agreed that sample B1 had better overall
acceptability attribute than B2. Judging for individual
properties, panellists had a greater preference for B2
samples in terms of hardness and distribution in mouth. B1
was given the greatest scores for general appearance,
colour and overall acceptability. Even though CS was
assigned higher points for taste and chewability attributes,
it can be depicted from Table 5 that the differences in
scores assigned to three biscuit formulations were not
statistically significant. Therefore, adding OSP and ESP to
biscuit formulation did not seem to adversely affect
sensory properties of the biscuits.
Conclusions
The data obtained in this study revealed that
incorporation of ESP and OSP in biscuit recipes yielded
final products with different nutritional and textural
properties. Fortification with food processing by-products,
which are a good source of minerals and bioactive
substances, has been identified as a process to improve
biscuit nutrients and composition. In this piece of work,
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