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Fortified with Olive Pomace

Olive pomace (OP), a by-product of olive oil production, is a rich source of various bioactive
compounds. OP can be used as a value-added product for the development of functional
food. The research aimed to produce functional crackers incorporating different levels of OP
powder (ranging from 0% to 20%). Subsequent analysis involved evaluating the physico-
chemical and phytochemical compositions, antioxidant activity, mineral content, and senso-
ry characteristics of all samples. In light of the findings, the samples containing OP powder
are rich in phytochemicals (total phenolic and flavonoid contents), with higher antioxidant
activities (total antioxidant content, DPPH radical scavenging activity, ABTS radical scaveng-
ing activity, and ferric reducing power), as well as a high amount of minerals compared to
the control sample (P<0.05). Moreover, as the concentration of OP increased, there was a
decline in the moisture content, water activity, and color values of the crackers. Conversely,
the ash, fat, total flavonoid, total phenolic, and mineral contents, as well as antioxidant
activity and hardness values, exhibited an increase. Sensory analyses revealed that the
addition of 10% OP powder produced highly acceptable crackers compared to the higher
concentration of OP (15 and 20%). Overall results indicated that functional crackers can
be produced by the addition of powder and a maximum of 10% OP powder fortification is
recommended for consumer acceptability.

Keywords: Olive pomace; cracker; phytochemical; antioxidant activity; mineral composi-
tion; sensory properties

1. INTRODUCTION

Olive pomace (solid waste from olive oil extraction) and olive mill wastewater
(aqueous discharge of the process) are by-products of the olive oil industry.
The amount of OP produced varies depending on the method used to extract
olive oll, but the average is 35-40 kg OP /100 kg of processed olives [1,2]. OF,
which contains fragments of skin, pulp, kernel pieces, and oil, is one of the
main by-products of the olive oil industry [3]. OP contains valuable components
from olive oil. More than 98% of olive oil is made up of acylglycerols, and triacyl-
glycerols (TAGs) make up the majority of these acylglycerols. TAG composition
is a crucial factor in the quality of fats and oils since it can influence both their
physiological and nutritional features, such as sensitivity to lipase-hydrolysis
and melting point and crystallization [4]. In addition, olive oil contains sterols [5];
fatty alcohols and waxes [6]; phenols [7]; alkanes and alkenes [8]; carotenoids,
and chlorophylls [9] in its structure. OP is rich in polysaccharides (cellulose)
and lignin, fatty acids, minerals (potassium, calcium, magnesium, etc.), poly-
alcohols, pigments, polyphenols, and a quantity of proteins that can be con-
sidered a promising source of value-added products or antioxidants [3,10-12].
Natural antioxidants have health advantages because they can stop biological
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deterioration from causing damage [13]. In OP ob-
tained from the areas of Perdifumo and Acquamela
di Casalvelino (Salerno, ltaly), the predominant phe-
nolic compounds have been identified as tyrosol, caf-
feic acid, and gallic acid. [14]. Researchers reported
that the environmental, agronomic, and technological
properties of virgin olive oil production have a signifi-
cant impact on the concentration of these chemicals
[5, 9, 14]. Olive tree irrigation can change the phenolic
composition of virgin olive oil depending on the culti-
var, ripening stage, and geographic origin of the olive.
In other studies, it was reported that the origin of the
fruit, olive tree irrigation, geographic origin of the olive,
cultivation, harvest date, extraction method, ripening
stage, climate, and rainfall all have an impact on bio-
synthesis within the fruit, and, consequently, the com-
position and quality of the oil [4, 8, 9, 15].
Researchers stated that the phenolic extracts and iso-
lated polyphenols from olive processing by-products
such as pomace can also be used as a natural antiox-
idant and antimicrobial in food products [12, 16]. For
example, the biological characteristics of different ol-
ive powder extracts were produced using convention-
al heating and ohmic heating-assisted extraction and
they reported using a green technique such as ohm-
ic heating to recover the bioactive chemicals found
in olive powder [12]. Sinrod et al. [16] reported that
the use of drum drying at low speed resulted in the
lowest reduction in the antioxidant activity of extract
when compared to other drying methods (freeze, hot
air, and drum drying), even though all drying methods
decreased the antioxidant activity relative to extract
derived from fresh pomace.

OP is generally used as an animal feed additive, fer-
tilizer, soil strengthener, alternative fuel, etc. [17-19].
In addition, studies related to the production of lipase
enzyme-activated carbon and biodiesel from OP are
available [20, 21]. Moreover, there are studies in which
pomace is used as a food additive. It was stated that
pomace is used to increase the phenolic and fiber
content, as well as antioxidant activity, in cereal prod-
ucts such as biscuits, pasta, bread, and breadsticks
[22-25]. There are numerous investigations on phe-
nolic compound recovery using various technologies
(26, 27].

Pomace drying is an important process in terms of
waste evaluation. Drying increases the durability of
the pomace and makes it easier to process. Further-
more, in order to obtain more oil from the pomace, it
is necessary to dry the pomace. For the mentioned
reasons, the literature includes several studies on the
drying of 2-phase or 3-phase OPs [28-31].

Fruits, vegetables, or by-products are used to devel-
op functional products with higher added value than
the cereal products that are consumed extensively all
over the world [22-25; 32-35]. It is important for the
evaluation of OPF, which has a low cost and can be

obtained in high quantity as a by-product during olive
oil production, while pomace oil or powder can be
used as a functional food ingredient in food formula-
tions. Crackers, one of the snack foods consumed by
consumers of all age groups [36, 37], were preferred
in this study.

The objective of this investigation was to create crack-
ers by incorporating varying concentrations (0-20%)
of OP powder. The study aimed to assess how the
incorporation of OP powder influences the physical,
chemical, and phytochemical characteristics, antiox-
idant activity, and mineral content of crackers. Addi-
tionally, the research examined the effect of substitut-
ing OP powder on the sensory properties and overall
acceptance of the crackers by consumers.

2. MATERIALS AND METHODS

2.1, MATERIALS

The wheat flour (S6ke Milling Industry and Trade
Inc.), yeast (Dr. Oerker Food Ind. and Commerce
Inc.), sunflower oil (Kucukbay Qil Inc.), and salt (Bil-
lur Boiled Salt Trade Inc.) were obtained from a lo-
cal market in Alanya, Antalya, Turkey.

The OP was obtained during the production of
olive oil (dual-phase decanter centrifugation sys-
tem) from different olive varieties harvested in the
2021/2022 crop season from the Bornova Olive
Research Institute garden (38° 27" 45.9936” and
27° 22" 11.0964”). The location, which belongs to
the governorate of izmir, is located in the west of
Turkey. Its climate is characterized by hot, dry sum-
mers and mild, rainy winters. The average annual
temperature and precipitation of the location (Bor-
nova) are 16.0°C and 742 mm, respectively.

The fresh OP was dried at 55°C in an oven (Mem-
mert UN110, Schwabach, Germany) for 24 hours.
The dried pomace was ground using a grinder (Pre-
mier, PRG259, Turkey) and subsequently subjected
to a sieving process (<1000 pm) to remove olive
pit fragments. To ensure the effectiveness of this
procedure, sieving was performed three consecu-
tive times, and the retained fractions were visually
examined to verify the complete elimination of re-
sidual stone particles. Only the fine powder passing
through the sieve was collected and used in sub-
sequent analyses. This multiple-step approach has
been reported as an effective strategy for reducing
the presence of stone residues in two-phase olive
pomace (De Leonardis et al., 2022). In addition, be-
fore incorporation into the formulations, the sieved
pomace powder was carefully inspected to guar-
antee homogeneity and the absence of hard frag-
ments, thus ensuring its safety and suitability for
food applications. The dried samples were stored
at 4°C for further analysis.
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2.2.  METHODS

2.2.1 Cracker production

Crackers were prepared in the bakery kitchen at Al-
anya University. The following procedure was adopted
after several preliminary trials (in 100 g): wheat flour
(62.15 g/100 g), salt (1 g/100 g), OP powder (0 (Con-
trol), 5, 10, 15, and 20% substitution for wheat flour),
and yeast (0.55 g/100 g) were weighed, placed in a
bowl, and mixed. Sunflower oil (6 g/100 g) and drink-
ing water (30.3 g/100 g) were then added to it and
kneaded with a mixer (Electrolux Mixer 5 It, Sweden)
for 10 min to obtain a homogeneous mixture. The
dough obtained was placed in a holding container,
covered, and fermented at 30+2°C for 15 min. At the
end of the fermentation period, the dough was rolled
out in 1.5 cm thickness using a rolling pin, cut into
1x1 cm pieces, and placed on a baking tray lined with
cooking paper at intervals. It was then baked in a pre-
heated oven at 180+2°C (Air-o-convect bakery, Elec-
trolux, Sweden) for 10 min. The baked products were
removed from the oven and crackers were obtained.

2.2.2 Physicochemical composition

The moisture, ash, and fat contents, as well as pH
analyses, were performed according to American As-
sociation of Cereal Chemists methods [39]. The water
activity value of the cracker samples was determined
using a water activity measuring device (LabTouch,
Novasina, Switzerland) with an accuracy of +0.001.
In addition, the moisture content and water activity of
wheat flour and OP powder were determined.

2.2.3 Extraction Method and Total Flavonoid, Phenolic,
and Antioxidant Content Analysis

Five-gram samples and 25 ml methanol were mixed
for 24 h in a mechanical shaker (IKA, Germany). The
mixture was filtered and used for flavonoid, phenol,
and antioxidant analyses. Antioxidant activity was
measured using three different methods: DPPH as-
say, ABTS assay, and FRAP assay. All analyses were
made in triplicate.

Total flavonoid content

Using the aluminum chloride method, the total flavo-
noid content of crackers was determined according
to Kasangana et al. (2015)’'s method, where cate-
chin was used as the standard [40]. Sample (500 yl),
methanol: water (70:30 by volume) solution (3200 ul),
0.5 M NaNO2 (150 pl), and 0.3 M AICI3 (150 pl) were
mixed in a test tube. NaOH (1000 pl 1 M) was add-
ed after 5 min incubation. The same procedure was
applied for standard catechin solutions (dissolved
in ethanol; 25, 50, 100, 200, and 400 mg/kg) and
blank samples (distilled water, 39). A UV-vis spectro-
photometer (Shimadzu Spectrophotometer UV-1700
PharmaSpec, Japan) was used to measure the ab-
sorbance of crackers at 506 nm. The total flavonoid

contents of samples were calculated using the cal-
ibration curve (y = 0.0005x + 0.0098 (R2 = 0.990)).
The obtained results are expressed in mg CE/100 g.

Total phenolic content

The total phenolic content of the crackers was mea-
sured according to the Folin-Ciocalteu method stud-
ied by Kasangana et al. [40]. The sample (300 l),
distilled water (3.4 ml), methanol (500 pl), and Fo-
lin-Ciocalteu’s reactive (200 pl) were mixed in a glass
tube. Na2CO3 (600 pl, 10% weight/volume) solution
was added to the mixture after 10 min incubation at
room temperature. The absorbance of samples was
measured at 760 nm using a UV-vis spectrophotom-
eter (Shimadzu Spectrophotometer UV-1700 Phar-
maSpec, Japan) after 120 min incubation. The same
procedure was applied for standard gallic acid (GA)
solutions (20, 40, 60, 80, 120, and 160 mg/kg) and
blank samples (distilled water, 39). The total phenolic
content of the crackers (mg GAE/100 g) was calculat-
ed with the calibration curve (y = 0.0063x + 0.00002
(R2 = 0.999)). The results were presented as mg
GAE/ 100 g.

Total antioxidant content

The total antioxidant analysis was performed accord-
ing to Prieto et al. [41]. Sample (500 pl), distilled water
(2.5 ml), and molybdate reactive (1 ml, 28 mM NaH-
2P04.H20, 4mM H24Mo7N6024.4H20) were mixed
in the screw-capped tubes. The samples were placed
into the water bath (Memmert GmbH + Co. KG, Ger-
many, 95°C for 90 min) for incubation. The incubation
tubes were then cooled at 20-22°C. The same pro-
cedure was applied for standard ascorbic acid (AA)
solutions (25, 50, 100, 150, 200, 400, and 800 mg/
kg) and blank samples (distilled water). The absor-
bance of the mixtures was measured at 695 nm using
a UV-vis spectrophotometer (Shimadzu Spectropho-
tometer UV-1700 PharmaSpec, Japan, 40). The total
antioxidant content of the samples (mg AAE / 100g)
was calculated using the calibration curve (y = 0.0035
x -0.075 (R2 = 0.995)).

DPPH assay

The antioxidant activity was assessed using the
DPPH assay following the method of Ahmed et al.
[42]. The stock solution of DPPH (2,2-diphenyl-1-
picrylhydrazyl) (10 mM) was prepared by dissolving in
methanol and kept in a refrigerator until further use.
The DPPH solution was diluted in methanol until the
absorbance of the solution reached 0.980+0.02 at
517 nm using a UV-vis spectrophotometer (Shimadzu
Spectrophotometer UV-1700 PharmaSpec, Japan).
100 pl sample and 3 ml DPPH were mixed in a test
tube. The same procedure was applied for standard
ascorbic acid solution (dissolved in methanol) (20, 50,
100, 150, 200, and 400 mg/kg) and blank samples
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(methanol). The absorbance of samples was mea-
sured at 517 nm using a UV-vis spectrophotometer.
Measurements were carried out in triplicate and the
results are given in mg AAE / 100 g.

ABTS Assay

Antioxidant  activity  was  determined  us-
ing the ABTS assay as described by Ahmed
et al. [42]. The ABTS solution (2,2’-azino-
bis(3-ethylbenzthiazoline-6-sulphonic
acid)) was prepared by mixing 9.5 mL ABTS (7 mM)
with 245 pL potassium persulfate (100 mM). The
mixture was kept in the dark at room temperature
for 18 h. The resulting solution was diluted with po-
tassium phosphate buffer (0.1 M, pH 7.4) until its
absorbance reached 0.706+0.001 at 734 nm, mea-
sured with a UV-vis spectrophotometer (Shimadzu
UV-1700 PharmaSpec, Japan). A volume of 150 pL
of sample was mixed with 2850 pL of ABTS solution
in a test tube. The same procedure was applied to
ascorbic acid standards (dissolved in methanol; 2, 5,
10, 15, 20, 50, and 100 mg/kg) and ethanol blanks.
Measurements were conducted in triplicate, and the
results were expressed as mg AAE/100 g.

FRAP Assay

The ferric reducing antioxidant power (FRAP) of the
samples was measured according to the method
described by Benzie and Strain [43]. One milliliter of
sample extract was mixed with 1 mL of FRAP re-
agent, which was prepared by combining 30 mM ac-
etate buffer (pH 3.6), 10 mM TPTZ (in 40 mM HCI),
and 20 mM FeCl;-6H,0. A total of 250 pL of sample
was mixed with 2750 pL of the FRAP reagent. Stan-
dard solutions (FeSO,-7H,0; 5, 10, 25, 50, 75, and
100 mg/kg) and distilled water blanks were used for
calibration. Absorbance was recorded at 593 nm us-
ing a UV-vis spectrophotometer (Shimadzu UV-1700
PharmaSpec, Japan). FRAP values were expressed
as mg FeS0O,/100 g, calculated using the standard
curve equation (y = 0.0127 x -0.0716, R2 = 0.993).

2.2.4 Mineral composition

The mineral content (Fe, Ca, Zn, Mg, Cu, Al, Mn, and
K) of the cracker samples was determined by induc-
tively coupled plasma atomic emission spectrometry
(ICP-AES, Varian Vista, Australia), following a mod-
ified method by Bubert and Hagenah [44]. Cracker
samples (0.5 g) were placed in Teflon perfluoroalkoxy
vessels and digested in a microwave oven (Berghoff
Instruments, Germany) with 5 mL HNO; and 1 mL
H,SO,, sequentially heated at 180°C, 200°C, and
220°C for 5 minutes each. After digestion, the solu-
tion was diluted with distilled water to 50 mL and
then topped off to final volume with 5% HCI. Mea-
surements were done in triplicate and results were
expressed as mg/kg.

2.2.5 Hardness and color measurements

The hardness of the crackers was determined using
a Texture Analyzer (Brookfield CT3, USA) equipped
with a TA7 probe, with a trigger load of 5 g and a
test speed of 3.0 mm/s. Pre- and post-test speeds
were set to 10.0 mm/s. Surface color values (L*, a*,
b*) were measured using a Konica Minolta CR-400
Chroma Meter (Konica Minolta Sensing Inc., Japan).
The total color change (AE) was calculated using the
following equation:

AE = \/(L* ~Lo)" + [(2” —a0)" + (b" - bo)]2 @

where Ly, ao, and by represent the color parameters
of the control sample.

2.2.6 Sensory properties

Sensory evaluation was conducted by a panel of 20
trained individuals (12 females and 8 males; 3 smok-
ers and 17 non-smokers) aged between 20-35 years
from Alanya Hamdullah Emin Pasa University, Alanya,
Antalya, Turkey. The panelists were trained to assess
six sensory attributes (color, appearance, flavor, taste,
texture, and overall acceptability) using a 5-point he-
donic scale (1 = strongly dislike, 5 = strongly like).

2.2.7 Statistical analysis

Cracker production was carried out in duplicate and
all analyses were performed in triplicate. Statistical
analyses were conducted using SPSS 16.0 software
(SPSS Inc., Chicago, IL, USA). Differences among
samples were evaluated by one-way ANOVA and
Duncan’s multiple range test at P<0.05. The effect of
oil pomace on phytochemical content and antioxidant
activity was modelled using linear (y = ax + b), power
(y = ax), logarithmic (y = a In(x) + b), and quadratic
(y = ax2 + bx + c) regression equations in Microsoft
Excel 2019. Goodness of fit was assessed using the
coefficient of determination (R2).

3. RESULTS AND DISCUSSION

3.1. CHEMICAL COMPOSITION, WATER ACTIVITY AND
PH VALUES OF CRACKERS

The moisture content and water activity of the wheat
flour and dried olive pomace powder were found as
11.76+0.16 % (wet basis, wb) and 0.322+0.010 and
2.45+0.21% (wb) and 0.233+0.010, respectively.
It was stated that the moisture content of pomace
samples dried with a fluidized bed, drum, combined
(microwave+convectional oven), roller, and tray dryers
varied between 4.6-8% [45-49]. It is thought that the
reason why the moisture content value of the OP in
our study is lower than in other studies may be due to
many different factors such as geographical area, en-
vironmental conditions, the origin of the olive, cultivar,
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harvest date, stage of ripening, climate, method of
extraction, and drying conditions [4,5,8,9].

The moisture, ash, and fat contents, water activity,
and pH values of crackers are given in Table |. Com-
pared to the control, the moisture content and wa-
ter activity values of the OP powder-added crackers
were found to be low (P<0.05). This may be due to
the lower moisture content of OP (2.45%) compared
to wheat flour (11.76%). Lekjing and Venkatachalam
[50] reported that the ingredients significantly affect
the final moisture content of the crackers. The mois-
ture content (2.59-3.06%) and water activity (0.185-
0.192) values of breadsticks with 5 and 10% red grape
pomace reported by Rainero et al. [33] were compat-
ible with our results. The moisture content of crackers
with OP was found to be lower than green gram flour
crackers (5.76%) [50]. This may be due to different
cracker formulations and production processes. The
addition of the OP to the cracker formulation resulted
in a significant decrease in the moisture content value
of the samples up to a 10% OP powder substitution
level (P<0.05). However, the further increase did not
cause a significant decrease in the moisture content
of the crackers (P>0.05).

According to the ash analysis results, it can be said
that the ash content of the crackers significantly in-
creased with the addition of OP powder (P<0.05). The
ash content of OP was reported as 4.55+0.22 g/100
g (dry weight, dw) [12]. The high ash content of the OP
may be the reason for the high ash content of crack-
ers with OP. The highest fat content (11.26+0.07 %,
dw) was determined in the cracker sample with 20%
OP. With the addition of pomace, the fat content of
the crackers generally increased (P<0.05). It has been
stated that this is due to the residual oil in the pomace
[25]. Since olive pomace is rich in olil, it is expected
that increased OP powder concentration will increase
the fat content of crackers. Supporting our findings,
the same study observed a significant increase in fat
content with an increase in the amount of OP in the
breadsticks.

Water activity values of the cracker samples were
found to be lower than 0.254 and the crackers can be

Table | - Proximate composition of crackers

considered microbiologically stable. The water activity
values of the crackers significantly decreased with the
addition of OP (P<0.05). This is expected due to the
lower water activity value of OP than wheat flour and
the low moisture content of OP-added crackers. The
pH values of the cracker samples ranged between
5.02-5.17. With the addition of OPF, the pH value of
the cracker samples decreased. However, this de-
crease was found to be insignificant up to the 20%
OP powder replacement ratio (P>0.05). Similar to our
results, Rainero et al. [33] reported that increasing the
amount of red grape pomace decreased the pH value
of breadsticks and the acidic character may cause a
more tenacious and less extensible structure in the
dough. In addition, previous studies have reported
that high pH values cause weakening of gluten, a de-
crease in consistency, and undesirable brown spots
[561,52].

3.2.  PHYTOCHEMICAL CONTENT AND ANTIOXIDANT
ACTIVITY OF CRACKERS

Antioxidants may react differently to various radical or
oxidant sources. The mechanisms of action of all rad-
ical sources and antioxidant chemicals in a complex
system cannot, therefore, be accurately reflected by a
single technique. Nowadays, it is crucial to assess the
antioxidant content of food. To determine the overall
antioxidant potential of any food matrix, estimation
of the total antioxidant using several assays is cru-
cial. Using three in vitro assays—DPPH, ABTS and
FRAP —the total antioxidant activity of the food prod-
ucts was measured. Many researchers have inves-
tigated the antioxidant activities of bakery products
using these methods [25,53-55].

The total flavonoid, total phenolic, and total antiox-
idant contents, as well as antioxidant activities of
crackers are given in Table Il. With the addition of OP
to the cracker dough, total flavonoid, phenolic, and
antioxidant contents and antioxidant activity (DPPH,
ABTS, and FRAP) of cracker samples significantly
increased compared to the control sample (P<0.05).
This is thought to be due to the fact that pomace is

Sample Moisture Content Ash Content Fat Content Water Activity pH

(%) (%, Wet Basis) (%, Dry Basis) (%, Dry Basis)

0 (Control) 3.18+0.49¢ 1.75£0.032 7.68+0.212 0.254+0.00¢ 5.17+0.01°
5 2.12+0.35° 2.23+0.04° 8.91+0.10° 0.252+0.00¢ 5.13+0.01°
10 1.55+0.322 2.42+0.02¢ 9.12+0.15° 0.241+0.00° 5.11£0.01°
15 1.4740.172 2.44+0.06° 10.98+0.03¢ 0.228+0.00° 5.10+0.01°
20 1.4740.132 2.57+0.02¢ 11.2610.07° 0.217+0.002 5.02+0.012

Mean + SD (n=3). Different letters (a-€) in the columns represent the statistical difference (P<0.05).
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rich in phytochemicals, which contribute to its anti-
oxidant activities [3,10,11]. With the addition of 5%
OP to the crackers, the total phenolic content and
antioxidant activity (DPPH and ABTS) of the samples
increased approximately two times, while the total
flavonoid content increased four times compared to
the control. It can also be said that the addition of
OP most affects the amount of total flavonoid con-
tent, and least affects the total antioxidant content
and FRAP.

The total flavonoid (y = 1.0705x2 + 7.4377x + 42.751,
R2 = 0.9866), total phenolic (y = -0.0729x2 + 3.7371x
+ 15.688, R2 = 0.9956), and total antioxidant (y =
0.0913x2 + 0.4861x + 70.984, R2 = 0.9815) contents,
and ABTS (y = -0.0947x2 + 4.6929x + 21.214, R2 =
0.9467, graphs were not given) of crackers followed
a quadratic trend depending on the increase of OP
concentration, whereas the antioxidant activities of
the crackers followed a linear trend (DPPH AA Eq.: y
=2.082x + 12.732, R2=0.9949, and FRAP: y = 3.91x
+57.052, R2 = 0.97, graphs were not given).
Similarly, Simonato et al. [24] reported that an increase
in the OP percentage increased both the total phe-
nolic content and antioxidant activity of the cooked
and uncooked pasta samples. In addition, it was also

claimed that DPPH (R2 = 0.90) and ABTS (R? = 0.99)
assay strictly correlated to the OP percentage. Simsek
and Sufer [25] also reported that an increase in the re-
placement ratio of OP with wheat flour increased the
total phenolic content and antioxidant activity (DPPH
and FRAP) in breadsticks fortified with OP.

Phenolic compounds such as flavonoids, phenolic
acids, and diterpenes contribute to the antioxidant
activity of the foods. As a result of the study, in order
to determine the relationship between total flavonoid
and total phenolic contents and antioxidant capacity,
the correlation graphs were drawn and shown in Fig-
ure 1. It can be stated that both the total flavonoid and
phenolic contents showed a linear relationship with
antioxidant activity. The correlation coefficient values
were generally found higher than 0.90, except for
the ABTS-total flavonoid and ABTS-total antioxidant
graphs. It can also be stated that the antioxidant ac-
tivity of the crackers can be expressed with their total
flavonoid and total phenolic contents. Antioxidant ac-
tivity may also come from the presence of volatile oils,
carotenoids, vitamins, etc. [56].

3.3. MINERAL COMPOSITION OF CRACKERS
Table Ill provides the mineral composition of cracker

Table I - Total flavonoid, total phenolic, and total antioxidant contents and antioxidant activity (DPPH, ABTS, and FRAP) of cracker

samples with OP (Wet basis)
Sample TFC TPC (mg GAE | TAC DPPH (mg ABTS (mg AAE | FRAP (mg
(%) (mg CE /100 g) 1100 g) (mg AAE /100g) | AAE /100 g) 1100 g) FeSOq
Eq. /100 g)

0 (Control) 30.38+4.982 15.02+0.402 69.36+1.072 13.38+0.292 20.62+2.132 51.54+0.582
102 5 125.50+5.00° 33.7311.60° 78.93+1.80P 21.86+1.16° 46.01+2.14° 83.62+0.10P

10 242.00+7.50¢ 46.24+0.80¢ 85.02+0.36¢ 33.35+0.58¢ 51.14+0.46¢ 99.30+2.01¢

15 352.60+14.904 53.54+0.00¢ 95.53+1.42d 45.62+0.87¢ 76.64+0.76¢ 110.40£0.10¢

20 638.00+17.50¢ 62.10+0.60¢ 118.87+0.35¢ 53.55+3.20¢ 75.27+0.614 135.90+2.00¢

Mean + SD (n=3). Different letters (a-€) in the columns represent statistical differences (P<0.05).

TFC: Total Flavonoid Content, CE: Catechin Equivalent, TPC: Total Phenolic Content, GAE: Gallic Acid Equivalent, TAC: Total Antioxidant
Content, AAE: Ascorbic Acid Equivalent, DPPH: 1,1-diphenyl-2-picrylhydrazyl, ABTS: 2,2-Azino-Bis (3-Ethylbenzthiazoline-6-Sulfonic Acid),
Diammonium Salt, FRAP: Ferric Reducina Antioxidant Power Assav, Ea: Equivalent.

Table Il - Mineral composition of cracker samples with OP (Wet basis)

Sample

Minerals (mg/kg)

(%) Fe Ca Zn Mg

Cu Al Mn K

0 (Control)| 49.52+0.65% | 386.46+2.15% | 8.18+0.23% | 342.74+2.80° | 3.56+0.36% | 14.39+1.112 | 9.48+0.472 | 1852.12+12.23°

5 49.52+1.332 | 421.93£2.31° | 8.67+0.29% | 369.94+2.64° | 4.34£0.52° | 14.48+£0.432 | 9.77+0.122 | 2853.75+8.25
10 55.19£0.430 | 552.17+6.90° | 14.93+0.42¢ | 420.17+2.39¢ | 9.65+0.31¢ | 20.38+0.58" | 9.64+0.322 | 3777.55+18.45°
15 58.28+1.20° | 805.43+1.84¢ | 8.60+0.332 | 436.65+2.22¢ | 9.80+0.19¢ | 23.66+1.03¢ | 9.61+0.442 | 4721.40+17.11¢
20 59.29+0.45¢ | 832.72+1.79¢ | 11.13£0.25° | 485.49+2.53¢ | 9.75+0.32¢ | 48.46+1.20¢ | 9.65+0.462 | 5888.50+6.01¢

Mean + SD (n=3). Different letters (a-€) in the columns represent the statistical difference (P<0.05).
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Figure 1 - Linear correlation between total flavonoid, phenolic, and antioxidant contents and antioxidant activity of the crackers

samples containing OP. The addition of OP powder
influenced the mineral composition of the resulting
crackers (P<0.05). When examining the mineral con-
tent of the samples, there was no statistically signifi-
cant difference between the control and the sample
enriched with 5% OP in terms of iron (Fe), zinc (Zn),
aluminum (Al), and manganese (Mn) content (P>0.05).
Generally, the addition of OP at concentrations of 10%
and above led to a statistically significant increase in
mineral content (P<0.05). However, manganese (Mn)
content was not found to be dependent on the con-
centration of OP (P>0.05).

It has been reported that OP is rich in potassium
(2798.44+29.64 mg/kg dw), calcium (352.03+23.01
mg/kg dw), and magnesium (145.41+16.54 mg/kg
dw). It also contains iron (12.24+2.71 mg/kg dw), so-
dium (16.42+0.67 mg/kg dw), aluminum (16.93+2.08
mg/kg dw), manganese (1.56+0.22 mg/kg dw),
zinc (2.92+0.36 mg/kg dw), copper (2.73+0.29 mg/
kg dw), boron (4.02+£0.52 mg/kg dw), and barium
(0.18+0.03 mg/kg dw) [12].

Similarly, our findings demonstrated that the incor-
poration of OP powder into crackers resulted in in-
creased content of several minerals, including Fe, Ca,
Zn, Mg, Al, and K. The elevated mineral levels may

be attributed to the inherent richness of OP in min-
eral compounds compared to wheat flour. Studies in
the literature also support these results. For example,
high dietary fiber biscuits enriched with OP exhibit-
ed a calcium content of 731.15+5.32 mg/kg and a
magnesium content of 301.16+3.45 mg/kg [23].
Another study involving muffins enriched with olive
pomace flour, extra virgin olive oil, and hydrolysed soy
protein reported an improved mineral composition
of 1.09+0.01%, which was attributed to the compo-
sition of both olive pomace flour (3.02+0.08%) and
hydrolyzed soy protein (9.87+0.25%). The study also
suggested that interactions between fibers and cer-
tain proteins may result in the formation of complexes
with minerals, thereby increasing the micronutrient
content in the final product [57].

3.4.  HARDNESS AND COLOR VALUES OF CRACKERS

Hardness is a crucial quality parameter in crackers, as
consumers generally prefer a crisp texture. The hard-
ness values of the crackers exhibited an upward trend
with the incorporation of higher levels of OP (Figure 2).
The increase was evident up to a 15% OP powder in-
clusion level; beyond this concentration, no further in-
crease in hardness was observed. A similar trend was
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Figure 4 - The radar chart of consumer preference scores of crackers with OP Mean + SD (n=3)
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reported by Drisya et al. [58] in cookies fortified with
dried Murraya koenigii leaves. The researchers noted
that higher amounts of these leaves (0 to 15%) dilut-
ed the gluten by increasing the protein, dietary fiber,
calcium, and iron content, resulting in a harder cookie
dough with less stickiness and springiness compared
to the control.

Similarly, in our investigation, increased OP levels cor-
related with higher mineral content, which may have
contributed to the enhanced hardness. The inclusion
of substantial amounts of OP could have diluted the
gluten structure, leading to a more rigid cracker tex-
ture. Additionally, elevated pH values associated with
OP may have weakened gluten networks, contribut-
ing further to the formation of harder crackers [51,52].
Collar et al. [59] also stated that fiber addition can af-
fect the mechanical properties of dough by increasing
hardness and decreasing cohesiveness.

Figure 3 illustrates the color values of crackers at
various OP powder ratios. The L* (lightness) and b*
(yellowness) values exhibited significant variations
with the addition of OP (P<0.05), while there were no
statistically significant differences in a* (redness) values
among the OP-containing samples (P>0.05), except for
the control. The L* values decreased with increasing OP
content, likely due to the naturally dark color of OP pow-
der. The a* values also declined in the OP-added sam-
ples, and b* values decreased in parallel with increas-
ing OP concentrations. As OP ratio increased, the AE
(total color difference) values rose significantly (P<0.05),
ranging from 21.04+0.98 in crackers with 5% OP to
38.28+2.43 in those with 20%.

Similar to our findings, Simsek and Sufer [25] reported
a significant reduction in L* and b* values with increas-
ing OP content in breadsticks. In another study, lower
L* and b* values were also reported for OP-enriched
cooked pasta compared to control samples [24]. Fur-
thermore, Qadri et al. [60] highlighted that Maillard
reactions, caramelization, and thermal processing at
high temperatures can lead to surface color changes
in dough products.

3.5.  SENSORY PROPERTIES OF CRACKERS

Figure 4 displays the sensory characteristics of
crackers manufactured with varying OP ratios, along
with the radar chart depicting consumer preference
scores. The control samples and crackers containing
5% and 10% OP exhibited similar sensory attributes.
Notably, the crackers enriched with 10% OP attained
the highest overall acceptability, receiving a score of
4.66 (x0.36) in comparison to the control. Crackers
with 20% OP received the lowest acceptability score
among all other samples. In this recipe, in terms of
sensory attributes including color, appearance, texture,
and overall acceptability, crackers were found well ac-
cepted up to a ratio of 10% OP incorporation, while
in terms of flavor and taste properties, crackers were

found acceptable up to a ratio of 15% OP incorpora-
tion. The previous study has demonstrated that high-fi-
ber biscuits with a 15% incorporation level with OP had
the highest overall acceptability (4.58+0.50, 23). In or-
der to develop products with health benefits, Padalino
et al. [61] produced functional spaghetti from durum
wheat semolina that was enhanced with olive paste
powder (10-15%), a by-product of olive ail. It was
emphasized that it may be better to add optimal olive
paste powder to avoid a negative impact on sensory
qualities and the overall quality of the pasta. Overall,
the lowest percentage of olive paste (10%) was found
to be better in terms of sensory and textural aspects.
In our study, OP incorporation crackers with the lowest
ratios (5-10%) were found to be superior in terms of
sensory properties.

4. CONCLUSIONS

This study showed that OF, which is a by-product of ol-
ive oil industries, could be used as a source of function-
al components to produce a high-value-added crack-
er. OP-fortified crackers are rich in ash, fat, flavonoid,
and phenolic contents, antioxidant activities, and min-
eral composition compared to crackers made with only
wheat flour (control). These valuable components in the
crackers increased with the increase in the amount of
OP (0 to 20%). With the increase in the amount of OP,
the moisture content, water activity, and color values
of the crackers decreased. Among the cracker sam-
ples, those incorporated with 10% OP powder had
the highest overall acceptability score. These findings
show that OP is a valuable functional ingredient for pro-
ducing crackers high in flavonoids, phenols, minerals,
and antioxidants, as well as crackers with good senso-
ry attributes. Furthermore, there was a high correlation
between phenolic and flavonoid content and antioxi-
dant activities. In addition, functional crackers prepared
using OP powder fortification could find a place in the
functional food product market.

Funding
This research received no specific funding from any
public, commercial or non-profit organization.

Conflicts of interest
The authors declare that there are no conflicts of in-
terest.

Author’s contribution

Kadriye Altay: performed the experimental work, con-
tributed to the formatting and writing of the manuscript.
Arda Akdogan: conducted the literature review, per-
formed the experimental work, and carried out the
statistical analysis.

Selma Lubabe Erdodan: conducted the literature

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL 103 - APRILE/GIUGNO 2026




106

review, performed the experimental work, and carried
out the statistical analysis.

Gulsah Caliskan Kog: conceived the research idea,
supervised the analytical work, contributed to the sta-
tistical analysis, and took the lead in formatting and
writing the manuscript.

ORCID ID

K. Altay: https://orcid.org/0000-0002-1629-6841

A. Akdogan: https://orcid.org/0000-0002-8537-5914
S.L. Erdogan: https://orcid.org/0000-0002-4248-001X
G. Galigskan Kog: https://orcid.org/0000-0002-6542-3093

REFERENCES

[11 P Albahari, M. Jug, K. Radi¢, S. Jurmanovi¢, M.
Brngi¢, S. R. Brié, D. Vitali Cepo. Character-
ization of olive pomace extract obtained by cy-
clodextrin-enhanced pulsed ultrasound assisted
extraction. LWT-Food Science and Technology,
92, 22-31, (2018). https://doi.org/10.1016/].
Iwt.2018.02.011

[2] F Akay, A. Kazan, M. S. Celiktas, O. Yesil-Celik-
tas. A holistic engineering approach for utilization
of olive pomace. Journal of Supercritical Fluids,
99, 1-7, (2015). https://doi.org/10.1016/j.supf-
lu.2015.01.025

[3] H. C. Karantonis, N. Tsanila, G. Stamatakis, M.
Samiotaki, G. Panayotou, S. Antonopoulou, C.
A. Demopoulos. Bioactive polar lipids in olive il
pomace and waste byproducts. Journal of Food
Biochemistry, 32(4), 443-459, (2008). https://
doi.org/10.1111/j.1745-4514.2008.00160.x

[4] A. M. Giuffre. Variation in triacylglycerols of olive
oils produced in Calabria (Southern Italy) during
olive ripening. Riv. ltal. Sostanze Grasse, 91(4),
221-240, (2014).

[5] R. Rey-Giménez, A. C. Sanchez-Gimeno. Au-
thenticity in olive oils from an Empeltre clonal
selection in Aragon (Spain): How environmen-
tal, agronomic, and genetic factors affect sterol
composition. Foods, 11, 2587, (2022). https://
doi.org/10.3390/foods11172587

[6] B. Chennit, M. del Carmen Pérez-Camino, R.
B. Gdmez-Coca. Characterization of Kabylian
virgin olive oils according to fatty alcohols, wax-
es, and fatty acid alkyl esters. Journal of Food
Measurement and Characterization, 15, 4960-
4971, (2021). https://doi.org/10.1007/s11694-
021-01063-w

[7] S. Boussahel, V. Di Stefano, C. Muscara, M.
Cristani, M. G. Melilli. Phenolic compounds
characterization and antioxidant properties of
monocultivar olive oils from Northeast Alge-
ria. Agriculture, 10, 494, (2020). https://doi.
org/10.3390/agriculture10110494

8] A. M. Giuffre. The effect of cultivar and har-

[10]

[17]

[12]

[13]

[14]

[15]

[16]

[17]

vest season on the n-alkane and the n-alkene
composition of virgin olive oil. European Food
Research and Technology, 247, 25-36, (2021).
https://doi.org/10.1007/s00217-020-03604-x
[H. El Moudden, Y. El Idrissi, C. El Guezzane,
W. Belmaghraoui, A. El Yadini, H. Harhar, M.
Tabyaoui. Tradition mills’ Picholine olive oil phys-
icochemical characterization and chemical pro-
filing across different cities in Morocco. Scien-
tific World Journal, Article ID 1804723, (2020).
https://doi.org/10.1155/2020/1804723

V. Brozzoli, S. Bartocci, S. Terramoccia, G.
Conto, F. Federici, A. D’Annibale, M. Petruc-
cioli. Stoned olive pomace fermentation with
Pleurotus species and its evaluation as a pos-
sible animal feed. Enzyme and Microbial Tech-
nology, 46(3-4), 223-228, (2010). https://doi.
org/10.1016/j.enzmictec.2009.09.008

M. Paini, B. Aliakbarian, A. A. Casazza, A. Laga-
zz0, R. Botter, P. Perego. Microencapsulation of
phenolic compounds from olive pomace using
spray drying: A study of operative parameters.
LWT - Food Science and Technology, 62(1),
177-186, (2015). https://doi.org/10.1016/j.
Iwt.2015.01.022

J. Quero, L. F. Ballesteros, P. Ferreira-Santos,
G. R. Velderrain-Rodriguez, C. M. R. Rocha, R.
N. Pereira, et al. Unveiling the antioxidant thera-
peutic functionality of sustainable olive pomace
active ingredients. Antioxidants, 11, 828, (2022).
https://doi.org/10.3390/antiox11050828

A. Celik, I. Arslan, E. N. Herken, A. Ermis. Con-
stituents, oxidant-antioxidant profile, and anti-
microbial capacity of the essential oil obtained
from Ferulago sandrasica Pesmen and Quézel.
International Journal of Food Properties, 16,
1655-1662, (2013). https://doi.org/10.1080/10
942912.2011.618898

G. Cioffi, M. S. Pesca, P. De Caprariis, A. Braca, L.
Severino, N. De Tommasi. Phenolic compounds
in olive oil and olive pomace from Cilento (Cam-
pania, ltaly) and their antioxidant activity. Food
Chemistry, 121(1), 105-111, (2010). https://doi.
org/10.1016/j.foodchem.2009.12.013

D. Firestone. Olive oil. In: F. Shahidi (Ed.), Bai-
ley’s Industrial Oil and Fat Products (6th ed.).
John Wiley & Sons, Inc., (2005).

A. J. G. Sinrod, R. J. Avena-Bustillos, D. A. OI-
son, L. M. Crawford, S. C. Wang, T. H. McHugh.
Phenolics and antioxidant capacity of pitted olive
pomace affected by three drying technologies.
Journal of Food Science, 84, 412-420, (2019).
https://doi.org/10.1111/1750-3841.14447

S. Dermeche, M. Nadour, C. Larroche, F
Moulti-Mati, P. Michaud. Olive mill wastes:
Biochemical characterizations and valoriza-
tion strategies. Process Biochemistry, 48(10),

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL 103 - APRILE/GIUGNO 2026



[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

28]

15632-1552, (20183). https://doi.org/10.1016/].
prochio.2013.07.010

B. Gdmez-Munoz, D.J. Hatch, R. Bol, E.R.
Dixon, R. Garcia-Ruiz, Gross and net rates of
nitrogen mineralisation in soil amended with
composted olive mill pomace, Rapid Commu-
nications in Mass Spectrometry 25(11), 1472-
1478 (2011)

C. Paredes, M.P. Bernal, A. Roig, J. Cegarra,
Effects of olive mill wastewater addition in com-
posting of agroindustrial and urban wastes, Bio-
degradation 12(4), 225-234 (2001)

V. Hernandez, J.M. Romero-Garcia, J.A. Davi-
la, E. Castro, C.A. Cardona, Techno-economic
and environmental assessment of an olive stone
based biorefinery, Resources, Conservation and
Recycling 92, 145-150 (2014)

V. Minkova, M. Razvigorova, E. Bjornbom, R.
Zanzi, T. Budinova, N. Petrov, Effect of water
vapour and biomass nature on the yield and
quality of the pyrolysis products from biomass,
Fuel Processing Technology 70(1), 53-61 (2001)
M. Di Nunzio, G. Picone, F. Pasini, E. Chiarello,
M.F. Caboni, F. Capozzi et al., Olive oil by-prod-
uct as functional ingredient in bakery products
- influence of processing and evaluation of bio-
logical effects, Food Research International 131,
108940 (2020)

S. Lin, W. Chi, J. Hu, Q. Pan, B. Zheng, S. Zeng,
Sensory and nutritional properties of Chinese ol-
ive pomace based high fibre biscuit, Emirates
Journal of Food and Agriculture 29(7), 495-501
(2017)

B. Simonato, S. Trevisan, R. Tolve, F. Favati,
G. Pasini, Pasta fortification with olive pomace:
effects on the technological characteristic and
nutritional properties, LWT - Food Science and
Technology 114, 108368 (2019)

M. Simsek, O. Sifer, Olive pomace from olive oil
processing as partial flour substitute in bread-
sticks: bioactive, textural, sensorial and nutri-
tional properties, Journal of Food Processing
and Preservation 46(6), e15705 (2022)

S. Chanioti, C. Tzia, Extraction of phenolic com-
pounds from olive pomace by using natural deep
eutectic solvents and innovative extraction tech-
niques, Innovative Food Science and Emerging
Technologies 48, 228-239 (2018)

I.C. Pavez, J. Lozano-Sanchez, |. Borras-Lin-
ares, H. Nunez, P. Robert, A. Segura-Carrete-
ro, Obtaining an extract rich in phenolic com-
pounds from olive pomace by pressurized liquid
extraction, Molecules 24(17), 3108 (2019)

A.M. Goula, A.N. Chasekioglou, H.N. Lazarides,
Drying and shrinkage kinetics of solid waste of
olive oil processing, Drying Technology 33(14),
1728-1738 (2015)

[29]

[30]

[31]

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

S. Meziane, Drying kinetics of olive pomace in
a fluidized bed dryer, Energy Conversion and
Management 52(3), 1644-1649 (2011)

R.R. Milczarek, A.A. Dai, C.G. Otoni, T.H.
McHugh, Effect of shrinkage on isothermal dry-
ing behavior of 2-phase olive mill waste, Journal
of Food Engineering 103(4), 434-441 (2011)

T. Sadi, S. Meziane, Mathematical modelling,
moisture diffusion and specific energy con-
sumption of thin layer microwave drying of olive
pomace, International Food Research Journal
22(2), 494-501 (2015)

A.R. Nurhanan, D.TW. Xin, L. Tham, Physico-
chemical properties and sensory evaluation of
green and red spinach crackers, I0P Confer-
ence Series: Earth and Environmental Science
756, 012079 (2021)

G. Rainero, F. Bianchi, C. Rizzi, M. Cervini, G.
Giuberti, B. Simonato, Breadsticks fortification
with red grape pomace: Effect on nutritional,
technological, and sensory properties, Journal
of the Science of Food and Agriculture 102(7),
2545-2552 (2021)

A. Cedola, A. Cardinali, I. D’Antuono, A. Con-
te, M.A. Del Nobile, Cereal foods fortified with
by-products from the olive oil industry, Food
Bioscience 33, 100490 (2020)

Y. Pratama, T. Ulfah, V.P. Bintoro, Effect of basil
(Ocimum americanum L.) proportion on physical
and organoleptical properties of basil cracker,
Journal of Applied Food Technology 5(1), 1-5
(2018)

M. Kumar, D. Chandran, M. Tomar, D.dJ. Bhuy-
an, S. Grasso, A.G. Sa, M. Mekhemar, Valoriza-
tion potential of tomato (Solanum lycopersicum
L.) seed: Nutraceutical quality, food properties,
safety aspects, and application as a health-pro-
moting ingredient in foods, Horticulturae 8(3),
265 (2022)

P. Nelluri, T. Venkatesh, A. Kothakota, R. Pan-
diselvam, R. Garg, A. Mousavi Khaneghah,
Artocarpus heterophyllus Lam (jackfruit) pro-
cessing equipment: Research insights and per-
spectives, Journal of Food Process Engineering
45(6), 13920 (2022)

A. De Leonardis, A. Ittikhar, V. Macciola, Possible
utilization of two-phase olive pomace (TPOP) to
formulate potential functional beverages: A pre-
liminary study, Beverages 8(3), 57 (2022).
AACC, International approved methods of the
American Association of Cereal Chemists, 10th
ed., St. Paul, MN, USA: The Association (2010)
P.B. Kasangana, P.S. Haddad, T. Stevanovic,
Study of polyphenol content and antioxidant
capacity of Myrianthus arboreus (Cecropiaceae)
root bark extracts, Antioxidants 4(2), 410-426
(2015)

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL 103 - APRILE/GIUGNO 2026



https://doi.org/10.1016/j.procbio.2013.07.010
https://doi.org/10.1016/j.procbio.2013.07.010

108

[41]

[42]

[43]

[44]

[49]

[46]

[47]

[48]

[49]

[50]

[51]

P. Prieto, M. Pineda, M. Aguilar, Spectropho-
tometric quantitation of antioxidant capacity
through the formation of a phosphomolybde-
num complex: Specific application to the de-
termination of vitamin E, Analytical Biochemistry
269(2), 337-341 (1999)

D. Ahmed, M.M. Khan, R. Saeed, Comparative
analysis of phenalics, flavonoids, and antioxi-
dant and antibacterial potential of methanoalic,
hexanic and aqueous extract from Adiantum
caudatum leaves, Antioxidants 4(2), 394-409
(2015)

|.F. Benzie, J.J. Strain, The ferric reducing ability
of plasma (FRAP) as a measure of “antioxidant
power”: The FRAP assay, Analytical Biochemis-
try 239(1), 70-76 (1996)

H. Bubert, W.D. Hagenah, Detection and mea-
surement, in: PW.J.M. Boumans (Ed.), Induc-
tively Coupled Plasma Emission Spectroscopy,
Wiley-Interscience, New York, 536-567 (1987)
J.S. Torrecilla, J.M. Aragon, M. Palancar, Model-
ing the drying of a high-moisture solid with an ar-
tificial neural network, Industrial and Engineering
Chemistry Research 44(20), 8057-8066 (2005)
R. Arjona, P. Ollero, F.B. Vidal, Automation of an
olive waste industrial rotary, Journal of Food En-
gineering 68(2), 239-247 (2005)

R.R. Milczarek, A.A. Dai, C.G. Otoni, T.H.
McHugh, Effect of shrinkage on isothermal dry-
ing behavior of 2-phase olive mill waste, Journal
of Food Engineering 103(4), 434-441 (2011)

A. Vega-Galvez, M. Margarita, L.P. Diaz, L. Lo-
pez, K. Rodriguez, K. Di Scala, Effective mois-
ture diffusivity determination and mathematical
modelling of the drying curves of the olive-waste
cake, Bioresource Technology 101(19), 7265-
7270 (2010)

U. Baysan, Developing a combined drying
method to obtain high quality 2-phase olive ail
pomace, MSc thesis, Ege University (2018)

S. Lekjing, K. Venkatachalam, Influences of
storage time and temperature on sensory and
measured quality of green gram savory crack-
ers, LWT - Food Science and Technology 113,
108310 (2019)

S.A. Matz, Bakery Technology and Engineering,
3rd ed., Springer US (1992)

[52]

[53]

[54]

(53]

[56]

[57]

58]

[59]

[60]

[67]

D. Manley, Biscuit, Cracker and Cookie Recipes
for the Food Industry, 3rd ed., Woodhead Pub-
lishing Limited (2001)

M. Raczyk, B. Kruszewski, D. Michatowska, Ef-
fect of coconut and chestnut flour supplemen-
tations on texture, nutritional and sensory prop-
erties of baked wheat-based bread, Molecules
26, 4641 (2021)

L. Nissen, S.P. Samaei, E. Babini, A. Gianot-
ti, Gluten-free sourdough bread enriched with
cricket flour for protein fortification: Antioxidant
improvement and volatiome characterization,
Food Chemistry 333, 127410 (2020)

I.F. Olawuyi, W.Y. Lee, Quality and antioxidant
properties of functional rice muffins enriched
with shiitake mushroom and carrot pomace, In-
ternational Journal of Food Science and Tech-
nology 54(10), 2321-2328 (2019)

J. Javanmardi, C. Stushnoff, E. Locke, J.M.
Vivanco, Antioxidant activity and total phenolic
content of Iranian Ocimum accessions, Food
Chemistry 83(4), 547-550 (2003)

E.C. De Souza, D.A. Cordeiro, B.S. Silva, N. De
Andrade Neves, M. Schmiele, Development of
muffin with the incorporation of olive pomace
flour, extra virgin olive oil and hydrolyzed soy
protein, Research, Society and Development
11, 58511226012 (2022)

C.R. Drisya, B.G. Swetha, V. Velu, D. Indra-
ni, R.P. Singh, Effect of dried Murraya koenigii
leaves on nutritional, textural and organoleptic
characteristics of cookies, Journal of Food Sci-
ence and Technology 52(1), 500-506 (2013)

C. Collar, E. Santos, C.M. Rossel, Assessment
of rheological profile and fibre-enriched bread
doughs by response surface methodology, Jour-
nal of Food Engineering 78(4), 820-826 (2007)
T. Qadri, S.Z. Hussain, A.H. Rather, T. Amin,
B. Naseer, Nutritional and storage stability of
wheat-based crackers incorporated with brown
rice flour and carboxymethyl cellulose (CMC),
International Journal of Food Properties 21(1),
1117-1128 (2018)

L. Padalino, I. D’Antuono, M. Durante, A. Conte,
A. Cardinali, V. Linsalata, Use of olive oil indus-
trial by-product for pasta enrichment, Antioxi-
dants 7(4), 1-15 (2018)

LA RIVISTA ITALIANA DELLE SOSTANZE GRASSE - VOL 103 - APRILE/GIUGNO 2026



