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Te current study is aimed to compare the efect of fat and/or wheat-four substitution with apple pomace on the physicochemical
and shelf-life of oily cakes. Te sensory quality of samples was evaluated using the Delphi-Fuzzy logic method. Te oily-cakes
include the following: TCO: control; TW10% and TW20%: four substitution with apple pomace (10 and 20% w/w); TO10% and TO20%:
fat substitution with apple pomace (10 and 20% w/w); TW&O(5:5) and TW&O(10:10): fat and wheat-four substitution with apple
pomace (5 : 5 and 10 :10% w/w). Te lowest and highest protein content were recorded for Tw20% (10.0± 0.12%) and TO20%
(11.0± 0.45%) (p< 0.05). Tere was no signifcant diference between the fat content of control samples with TW10%, TW20%, and
TO&W(5:5) (p> 0.05). TW20% exhibited the highest fber content (2.12%) and the lowest caloric (385.0 kcal/100 g) values. Tere was
a signifcant diference between baking loss of TO10% (9.87%) and TO20% (9.36%) samples with control one (11.6%) (p< 0.05). By
reducing the fat content, smaller and lower porous was observed.Te antioxidant and antimicrobial potential of apple pomace was
not signifcant. Terefore, apple pomace had no signifcant efect on the shelf-life of cakes. Based on defuzzifcation values, the
sensory ranking of samples was as follows: TCO (64.4)>TW20% (63.9)>TW&O(5:5) (63.7)>TW10% (63.6)> TO10% (60.2)>
TW&O(10:10) (60.1)>TO20% (58.8). Overall, apple pomace could be considered a cost-efective, sustainable, and healthy alternative
to partial wheat-four. Further research is required to produce reduced-fat cakes. Adding fruit powder along with fat replacers can
be suggested for future studies.

1. Introduction

Plants are considered as valuable natural sources that have
got a great attention in food industry due to their antioxidant
potentials [1]. In food industry, diferent fruits and vege-
tables are processed to produce various value-added prod-
ucts.Tese processes generate a large number of by-products
[2]. However, these by-products are a rich source of valuable
bioactive compounds and dietary fber [3].

Apple pomace is one of the valuable by-products. Te
most frequent disposal method for apple pomace is to

discard it directly into the landfll soil, resulting in serious
environmental pollution and public health issues [4–6].
Terefore, it is necessary to explore safe, cost-efective, and
efcient ways to utilize apple pomace in the food and
nutraceutical industries. Apple pomace not only is a rich
source of various nutrients, it is particularly high in
nondigestible carbohydrates and dietary fbers (around
40%).

Baked products are the most widely consumed food item
in the world. Tus, they can be utilized as a suitable carrier
for dietary fber [3]. Cakes, especially oily ones, are high in
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carbohydrates and fat, and consequently, they are high-
calorie products [7, 8]. In addition, cakes are low in fber
content [9].Tese features make cakes unsuitable choices for
a healthy diet. Te addition of apple pomace to the cake can
improve the dietary fber content and ofer various health
benefts [4, 6, 10].

During the product development process, dietary fber
sources can be completely or partially substituted with one
or more cake ingredients such as four, sugar, and fat [9, 11].
Currently, there are several studies focused on four or fat-
substitution with apple pomace or another dietary fber
sources to produce bakery products and enhance the favor,
their nutritional value, and baking properties
[4, 6, 10, 12–14]. Based on the best knowledge of the authors,
this is the frst study comparing the efect of fat and or wheat
four substitution in various concentrations with apple
pomace on the physical, chemical, caloric, structure, color,
and shelf-life of the oily cake.

Moreover, consumer acceptance is very important in the
development of a food formulation. However, sensory
analysis is associated with linguistic variables which make
the selection procedure a challenging task. To overcome this
challenge, a multicriteria decision making technique such as
the Delphi-Fuzzy logic method can be a good solution
[15, 16]. Fuzzy logic deals with uncertainty by human
knowledge and linguistic variables (such as “low,” “bad,”
“often,” “good,” and so on.) instead of traditional binary set
and crisp value. Tis method uses relative graded mem-
bership theory to evaluate an event. Delphi-Fuzzy logic is
a suitable way to solve complicated, ambiguous, and un-
certain problems based on linguistic variables instead of
crisp ones [16–21]. Terefore, in the current study, the
sensory properties of oily cake were considered based on
a Delphi-Fuzzy logic method.

Tus, the proposed study is aimed to compare the efect
of fat and/or wheat four substitution with apple pomace in
various conditions on the structure, color, chemical com-
position, caloric value, and shelf-life of oily cake samples and
to evaluate the sensory quality of samples based on the
Delphi-Fuzzy logic method.

2. Material and Methods

2.1. Material. Apple samples (around 10 kg; Malus domes-
tica cv. Golden Delicious at fully ripe maturity stage) were
obtained from the region of Damavand city (Tehran, Iran).
Te ingredients used for cake preparation were purchased
from local supermarkets (Shiraz, Iran). All chemical ma-
terials in the analytical grade were purchased from Merck
Chemicals Co. (Darmstadt, Germany) and Dr. Mojalali
(Tehran, Iran).

2.2. Preparation of Apple Pomace Powder. After washing and
cutting the apples, their juice was extracted by using a home
juicer machine (Model 700 P, Pars Khazar, Tehran, Iran) and
their pomace was dried at room temperature (25± 2°C) and
shade (for 55 h). Ten, the pomace was grounded (grounder
machine Model 320 P; Pars Khazar, Tehran, Iran).

2.3. Proximate Composition. Moisture, crude protein, crude
fat, crude fber, and ash content of wheat four, apple
pomace, and cake samples were measured based on the
AOAC method [22]. Chemical composition analysis of
samples was performed in triplicate.

2.4.Determination of Total PhenolicContent ofApple Pomace.
Te total phenolic content (TPC) was measured with the
Folin–Ciocalteumethod.Te absorbance of each sample was
read at a wavelength of 725 nm. Te TPC of apple pomace
was expressed as mg gallic acid equivalent (GAE) per g of dry
weight by using the calibration curve of gallic acid [23].

2.5. Preparation of Oily Cakes. Cake samples were prepared
based on batters containing 0%, 10%, or 20% apple pomace
powder as substituting levels of wheat four and/or fat. Te
formulation of each sample is presented in Table 1. Liquid
and dry ingredients of oily cakes were creamed in a mixer
bowl by an electric blender (Model: MFQ36460, BOSCH,
Germany) for about 10min and poured onto mufn paper
and baked at 150°C for 30min. Te apple pomace powder
was mixed with milk and added to each formulation. After
baking and cooling, cakes (three replicates for each sample)
were packed in plastic bags and stored at room temperature
for 14-day storage (at 23± 3°C; RH: 35%) and analyzed at 7-
day intervals over the whole period. Chemical composition
analysis of samples was performed in triplicate.

2.6. Calorifc Value. Calorifc values of the cake samples
were determined by using Oxygen Bomb Calorimeter (BXT-
ZDHW-9B, BAXIT Co, China) and expressed as kcal per
100 g.

2.7. Baking Loss and Structure Properties of the Cakes. A
digital caliper was used to calculate the height of the cakes.
Te structure of oily cake samples was evaluated by using
image analysis. Te baking loss was measured using the
following equation:

Baking loss rate (%) �
batter weight − cakeweight (g)

batter weight (g)
× 100.

(1)

2.8. Colorimetric Analysis. Images of cake samples (crumb
and crust) were acquired against a white background using
a Canon digital camera (Model SX430 IS, 20.5 megapixels
resolution, Sensor: CCD, diaphragm: f/3.5–f/6.8 Canon,
Tokyo, Japan). A sealed MDF box (1× 1× 1m3) equipped
with four fuorescent lamps and plastic light difusers was
applied to measure the various color parameters (L∗:
lightness, a∗: redness-greenness and b∗: yellowness-blue-
ness). Te image processing containing noise reduction,
adjusting contrast, and white balance was done by Adobe
Photoshop® CC2019 (Adobe System Inc., San Joes, Cal-
ifornia, USA). Total color diference (ΔE∗) was evaluated by
the following equation:
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where the subscripts t and t0 represent the color parameters
during the same storage time and the color parameter of the
control sample (TCO) at the initial time, respectively [24, 25].
ΔE∗ < 1, 1<ΔE∗ < 3, and ΔE∗ > 3 indicated that the color
diferences are not obvious for the human eye, not appre-
ciative by the human eye, and obvious for the human eye,
respectively [26]. Te results of colorimetric analysis are the
average of at least three replicates.

2.9. Oxidation Properties

2.9.1. Lipid Extraction of Cake. For lipid extraction from oily
cakes, 100 g of samples were grounded, added to a fask with
200mL n-hexane (98% purity), and shaken for 1 h. Tis
mixture was fltered through Whatman paper (No. 1). For
removing n-hexane from the extracted oil, a Rotary vacuum
evaporator (Strike 300, Parsfaraso, Tehran, Iran) at 50°C was
used [27].

2.9.2. Peroxide Value. Te peroxide value (PV) of oily cake
samples was measured with the sodium thiosulfate 0.01N
method according to INSO 37. PV was expressed as milli-
equivalent peroxide per kg of extracted oil (meq.O2.kg−1) at
diferent times of storage [27].

2.9.3. FFA Value. Free fatty acids (FFA), as oleic acid
percentages of extracted oil, were evaluated based on the
titration method [27].

2.10. Microbial Stability

2.10.1. Total Microbial Count (TMC). TMC of oily cake
samples was evaluated according to standard plate count
agar (PCA Merck) described in ISO 8443:2003. Plates were
incubated at 30°C for 48 h [28].

2.10.2. Enterobacteriaceae Count. Te Enterobacteriaceae
population was determined based on ISO 21528-1:2017 and
21528-2:2017 methods on Violet Red Bile Glucose (VRBG)
Agar media. Te plates were incubated at 37°C for 24 h
[29, 30].

2.10.3. Yeasts and Molds Count (YMC). A load of yeasts and
molds was evaluated using the methods explained by ISO
21527-2: 2008. Te samples were spread onto the plate
surface of the Sabouraud dextrose agar medium. Te plates
were incubated at 25± 1°C for 5 d [31]. Te number of
Enterobacteriaceae population, TMC, and YMC colonies
was expressed into logarithms of the number of colony-
forming units (CFUs) per gram (log10 CFU·g−1). Te max-
imum acceptable limits for Enterobacteriaceae population,
TMC, and YMC are considered 2.00, 5.00, and 3.00
log CFU·g−1, respectively [32, 33]. All microbial tests were
done in triplicates.

2.11. Sensory Evaluation by Fuzzy Analysis. Te panel group
included ten trained members (fve females and males) from
personnel and students of the Food Science and Technology
Department (Shiraz University, Shiraz, Iran). Te sensory
parameters including taste, aroma, appearance (symmetry and
pufness of the cake), texture, crust color, and crumb color as
well as the scoringmethod were introduced to the panel group.
Each member used check marks (✓) to score the cake sample
during the storage period.Terefore, 30 data were collected for
each oily cake sample. Samples were judged based on “Very
Poor,” “Poor,” “Fair” “Good,” and “Very Good” words.

Te major steps involved in the Delphi-Fuzzy logic
include fuzzifcation of sensory scores in triangular mem-
bership functions in equation (3), calculating the importance
of each sensory parameter and defuzzifcation of them,
evaluating overall sensory scores in the triangular mem-
bership function in equation (4) , defuzzifcation of them,
and ranking various oily cake samples. Te fuzzy program
was run under MATLAB software (version 2020a, Math-
works Inc., Natick, MA, USA).

Table 1: Formulations of prepared oily cakes.

Ingredients TCO TW10 TW20 TO10 TO20 TW&O(5:5) TW&O(10:10)

Wheat four (g) 125 113 100 125 125 119 113
Oil (g) 40 40 40 36 32 38 36
Apple pomace powder (g) 0 12 25 4 8 8 16
Sugar (g) 75 75 75 75 75 75 75
Milk (mL) 75 75 75 75 75 75 75
Whole egg (g)∗ 100 100 100 100 100 100 100
Baking powder (g) 3 3 3 3 3 3 3
Vanilla (g) 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Salt (g) 0.7 0.7 0.7 0.7 0.7 0.7 0.7
∗Equivalents to two small eggs. TCo: control sample; TW10%: wheat substitution with pomace (10% w/w); TW20%: wheat substitution with pomace (20% w/w);
TO10%: fat substitution with pomace (10% w/w); TO20%: fat substitution with pomace (20% w/w); TW&O(5:5): fat and wheat substitution with pomace (5 : 5% w/
w); TW&O (10:10): fat and wheat substitution with pomace (10 :10% w/w).
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srAroma �
n1(0 025) + n2(0 25 50) + n3(25 50 75) + n4(50 75 100) + n5(75 100 100)

n1 + n2 + n3 + n4 + n5
, (3)

where (n1 + n2 + n3 + n4 + n5): the total number of panelists;
the subscript “r”: sample number, n1, n2, n3, n4 and n5: the
number of panelists giving “Very Poor,” “poor,” “Fair,”
“Good” and “Very Good” scores to each sample,

respectively. Tis equation was designed for the calculation
of the fuzzifed aroma score of samples which can be gen-
eralized to other sensory features.

SrO � QTasterel + QAromarel + QTexturerel + QAppearancerel + QColor.crustrel + QColor. crumbrel, (4)

where SrO: overall sensory score of each sample in triangular
membership function; the subscript “r”: sample number or
name; QTasterel, QAromarel, QTexturerel, QApperancerel,
QColor.crustrel and QColor.crumbrel weighted sensory
scores in triangular membership (for example defuzzifed
value of the importance score for Aroma × srAroma) for
each oily cake sample.

Triangular membership function distribution pattern
consisted “very poor/very unimportant (0, 0, 25),” “poor/
unimportant (0, 25, 50),” “fair/somewhat important (25, 50,
75),” “Good/important (50, 75, 100),” and “Very Good/
highly important (75, 100, 100)” [34].

2.12. Statistical Analysis. Fuzzy analysis was applied to
evaluate the sensory score of samples, conducted by
MATLAB software (version 2020a, Mathworks Inc., Natick,
MA, USA). Te other obtained data were subjected to a one-
way analysis of variance (ANOVA) using Minitab 17 soft-
ware (State College, PA, USA). All experiments were done in
triplicate, and the results are expressed as mean± standard
deviation. Tree replications were used for each analysis.
Tukey’s multiple range test was used to determine signifcant
diferences between the means (α� 0.05).

3. Results and Discussions

3.1. Chemical Compositions of Apple Pomace. Te chemical
composition of apple pomace and wheat four: Pomace apple
had lower contents of moisture (7.16± 0.24 vs. 10.0± 0.44 g
100 g−1) and protein (4.88± 0.34 vs. 10.4± 0.17 g 100 g−1)
than wheat four, whereas the ash (1.81± 0.14 vs. 1.25± 0.10 g
100 g−1), fat (2.07± 0.32 vs. 1.03± 0.11 g 100 g−1), and crude
fber (2.50± 0.17 vs. 12.11± 0.26 g 100 g−1) contents were
higher than wheat four (p< 0.05).Te fber, protein, fat, and
moisture contents of apple pomaces were reported in a range
of 4.4–47.3%, 2.7–5.30%, 1.10–3.60%, and 6.55–9.75%, re-
spectively [5, 11, 14].

Te diferences between various fndings reported pre-
viously may be related to diferences in apple cultivars and
varieties, growing and harvesting conditions, processing
methods, and storage conditions [5]. Te low moisture
content (<10%) helps to maintain the quality and storage
stability of the apple pomace [35]. Te high fber content of
apple pomace also showed a high potential of this ingredient

to produce high fber, healthy, and value-added food
products.

Total phenolic contents of apple pomace were
6.11± 0.43mg·g−1. Tis result was in agreement with those
reported in previous fndings (in the range of
4.93–10.2mg·g−1) [9, 14, 36].

3.2. Chemical Analysis of Mufns. Table 2 presents the
proximate analysis of various oily cakes enriched with apple
pomace.

3.2.1. Protein Content. Te lowest and highest protein
content were recorded for Tw20% (10.0± 0.12%) and TO20%
(11.0± 0.45%) (p< 0.05). Te protein content of wheat four
was higher than apple pomace (Section 3.1). Terefore,
wheat four substitution with apple pomace resulted in
a decrease in the protein content of samples, while fat
substitution increased the protein content of samples.
However, there was no signifcant diference between other
samples (p> 0.05). Tese results were in agreement with
previous fndings [6, 10, 37].

3.2.2. Fat Content. Fat content of various samples was in
a range of 17.13 (TO20%) to 19.88 (TW20%) and the diference
between the two samples was signifcant at a level of 5%.
Tere was no signifcant diference between control samples
with TW10%, TW20%, and TO&W(5:5) (p> 0.05).

3.2.3. Ash. Te maximum and minimum ash content was
obtained for TW20% (1.03± 0.01%) and TCo (0.97± 0.02%),
respectively (p< 0.05). Te ash content of oily cake was
increased, by increasing the apple pomace content of the
formulation. Te results are allied with the research of
Younes et al. [14]. Te reported ash content of mufns
enriched by apple pomace was 1.12–1.69 depending on apple
variety and formulation [14].

3.2.4. Fiber. Te fber content of apple pomace was higher
than that of wheat four. Terefore, wheat four and or fat
substitution with the apple pomace increased the fber
content of cake samples. Tus, Tw20% exhibited the highest
fber (2.12%). Tese results are supported by the fndings of
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Younes et al. [14], who found that the apple powder-
enriched mufns had crude dietary fber content in
a range of 1.16–3.13%. An increase in dietary fber can
decrease the glycemic index and improve the health-
promoting properties of oily cakes [10, 37].

3.3. Caloric Values of Oily Cakes. As seen in Table 2, there
was a signifcant diference between various samples. All
treated samples had a lower caloric value than the control
ones (p< 0.05). TW20%, TW&O(10:10), and TO20% showed lower
energy values than the control one. Terefore, the caloric
values of the samples were decreased by increasing the level
of apple pomace powder in the oily cake formulation. Te
addition of apple pomace powder into the oily cake for-
mulation obtains a healthier food. Tese results were sup-
ported by previous fndings [2, 5, 14].

3.4. Baking Loss. Te cake weight loss during baking can be
directly related to water loss. Table 2 exhibits the efect of
apple pomace on the baking loss of samples. Tere was
a signifcant diference between baking loss of TO10% (9.87%)
and TO20% (9.36%) samples with control one (11.6%)
(p< 0.05). Te diference between other samples (TW10%,
TW20%, TO&W(5:5), and TO&W(10:10)) and TCO was not sig-
nifcant (p> 0.05). Jahanbakhshi and Ansari [38] did not
fnd any signifcant diference between the weight loss of
cakes fortifed with olive stone powder and the control ones
[38]. However, Collar et al. [39] reported that weight loss
could be reduced by adding soluble cocoa fber to the bread
formulation [39]. Te baking loss of various samples can be
described by batter consistency and the water-holding ca-
pacity of the cake ingredients.

3.5. Height. As seen in Table 2, fat substitution with apple
pomace decreased the cake volume, and the maximum
height decreased from 4.56 to 3.82 cm by increasing the
apple pomace. Moreover, the diference between the min-
imum and maximum height (height of the corners and the
middle of the cakes) of these samples was signifcantly lower
than the control one (p< 0.05). Although the diference
between the minimum and maximum height of TW20% and

TW&O(10:10) was lower than TO20%, the height(max ) of these
two samples was 4.31 and 4.14 cm, respectively, and the
height(min) that was more than the control one indicated
a voluminous matrix. Tis shape can be there due to the
distribution patterns of bubbles within the cake matrix
(Section 3.6 and Figure 1(a)).

3.6. Structure Properties. Figure 1(a) shows the cross-
sections of vertically cut oily cakes containing diferent
levels of apple pomace. As seen, the control sample had a bell
shape and there is a relatively high diference between the
height of the corners and the middle of the cake (Table 3),
while the TW10% and TW20% exhibited a convex shape, and
the diference between the middle and two sides of the cake
decreased with increasing apple pomace powder. Diferences
in the shape of cakes could be related to the distribution
patterns of bubbles within the cake matrix. In the control
sample, larger bubbles were concentrated in the middle of
the product and appeared to form a tunnel shape, while as
the amount of apple pomace increased, these bubbles were
observed throughout the cake crumb. In other words, the
distribution of bubbles in TW10% and TW20% was more
uniform. In agreement with the current study, Jahanbakhshi
and Ansari [38] reported that the size of the porous is smaller
in the control sample as compared to the cake fortifed with
35% olive stone powder [38]. Tis fnding is in line with
other research that reported a falling tendency in frmness,
by increasing apple pomace replacement level [2]. In this
regard, Al-Sayed and Ahmed [40] reported that the porosity
of cake increased parallel to increasing levels of watermelon
rind and Sharlyn melon peel powder [40]. However, several
authors have reported a reduction trend in a specifc volume
after adding dietary fbers to cake formulation due to
a disruption in the gluten network and reduced gas retention
capacity [6, 13, 35]. In the current study, when fat was
replaced with apple pomace, the volume of the cake was also
decreased.Te nature and amount of fber source and type of
cake and replacement can afect the texture properties of
cakes [41].

It has been reported that a suitable and sufcient degree
of batter consistency has a positive efect on cake volumes
[38]. Probably, in the current formulation, the four

Table 2: Te efect of wheat four and or fat substitution with apple pomace on the physicochemical properties of the oily cake.

Parameters TCO TW10% TW20% TO10% TO20% TO&W(5:5) TO&W(10:10)

Protein (%) 10.5± 0.25AB 10.3± 0.20AB 10.0± 0.12B 10.7± 0.31AB 11.0± 0.45A 10.4± 0.21AB 10.3± 0.14AB
Fat (%) 19.6± 0.35AB 19.8± 0.32A 19.9± 0.17A 18.4± 0.10C 17.1± 0.15D 19.0± 0.19BC 18.6± 0.25C
Ash (%) 0.97± 0.02C 0.99± 0.01BC 1.02± 0.01AB 1.00± 0.02ABC 1.03± 0.01A 1.00± 0.01ABC 1.02± 0.01AB
Fiber (%) 1.25± 0.13E 1.72± 0.08B 2.12± 0.08A 1.43± 0.07D 1.62± 0.09C 1.60± 0.11C 1.82± 0.05B
Energy (kcal/100 g) 411± 2.14A 399± 4.5B 385± 3.4C 401± 4.0B 391± 2.28BC 400± 3.9B 388± 3.4C
Baking loss (%) 11.6± 0.43ABC 11.7± 0.29AB 12.0± 0.42A 9.87± 0.20D 9.36± 0.27D 10.8± 0.20C 11.0± 0.19BC
Heightmin (cm) 3.13± 0.12D 3.61± 0.07BC 4.07± 0.06A 3.37± 0.12BCD 3.67± 0.13B 3.27± 0.23CD 4.07± 0.06A
Heightmax (cm) 4.56± 0.10A 4.40± 0.17AB 4.31± 0.10ABC 3.97± 0.25CD 3.82± 0.08D 4.07± 0.12BCD 4.14± 0.08BCD
ΔHeight (cm) 1.43± 0.03A 0.79± 0.18B 0.24± 0.05BC 0.60± 0.36BC 0.15± 0.17C 0.80± 0.35B 0.07± 0.04C

All data are presented in the manner of means± SD (n� 3). Te diverse letters for each parameter indicate signifcant diference (p< 0.05). TCO: control
sample; TW10%: wheat substitution with pomace (10% w/w); TW20%: wheat substitution with pomace (20% w/w); TO10%: fat substitution with pomace
(10% w/w); TO20%: fat substitution with pomace (20% w/w); TW&O(5:5): fat and wheat substitution with pomace (5 : 5% w/w); TW&O(10:10): fat and wheat
substitution with pomace (10 :10% w/w).
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substitution with pomace apple caused improving the batter
consistency. Tis could help to facilitate the evaporation of
water and consequently a good distribution of bubbles in the
cake matrix.

Overall, fat substitution with apple pomace resulted in
major changes in the physical properties of oily cakes. Te
functionality of fat in cake is very versatile. As seen in

Figure 1(a), by reducing the fat content of cake formulation,
the stability of air bubbles was decreased and smaller and
lower porous were observed. Terefore, the crumb hardness
of the TO10% and TO20% samples was higher than the other
ones. Te lowest volume was also observed in these two
samples. Fat can trap air bubbles in the cake batter during
mixing, stabilize the gas bubbles, prevent the release of gas,
and consequently give a softer and smoother texture to the
cake. Fat interrupts the protein particles and breaks gluten
continuity and tenderizes the crumb [8, 42–44]. Terefore,
replacing fat in the cake formulation led to a decrease in the
stability of air bubbles and reduced volume and made
a frmer, gummier, and less cohesive texture. Te texture of
the TW&O(5:5) and TW&O(10:10) samples can be considered
between the texture of other treated samples. By reduction of
the fat content, the cake volume decreased, and wheat four
substitution by apple pomace resulted in a decrease in the
uniformity and homogeneity of the porosity structure
of cakes.

3.7. Color Properties. Color has an important role in con-
sumer acceptance of a product. Te crust and crumb color
(L∗, a∗, b∗, and ΔE∗) values of the oily cakes were in-
dividually presented in Table 3.

3.7.1. Crust Color. Te L∗ value of samples varied in a small
range of 52.33 (TW10%) to 57.33 (TO10%), where the dif-
ference between these two samples was signifcant
(p< 0.05). However, there was no signifcant diference
between the lightness of the treated samples and the control
ones. Moreover, the addition of apple pomace did not have
any signifcant efect on the a∗ and b∗ values (p> 0.05).
Overall, as shown in Figure 1(b), there is not much color
diference between the samples. Te color diference, ΔE∗,
was used to show the infuence of apple pomace additions.
Although the ΔE∗ showed an obvious diference for the
human eye (ΔE∗ > 3), this diference is not noticeable
enough to have a signifcant diverse efect on consumer
acceptance (Section 3.9). Te biggest diference in color
(ΔE∗) was observed between the control and TO10% samples
(p< 0.05). In this regard, Gómez et al. [45] showed that the
addition of various fbers (orange, pea, wheat, and cellu-
lose) did not have any signifcant efect on the cake crust
color [45]. Aydogdu et al. [41] did not show any signifcant
color diference between the crust color of cakes containing
various lemon or apple pomace powder concentrations
[41]. However, some authors observed signifcant difer-
ences between the crust of the control cake and the fber-
rich samples [38, 40]. Te crust color of bakery products is
mainly associated with Maillard and caramelization re-
actions. Te addition of fruit powder can change the
physicochemical properties of the cake batter (amino acids,
sugar, water content, and pH) and consequently change the
fnal color of the products. On the other hand, the in-
teraction between ingredients during various processes can
also afect Maillard or caramelization reactions [13, 46].Te
color of fruit pomace also can infuence the crust and
crumb color of bakery products.

Tco

TW10%

TW20%

TO10%

TO20%

TW&O (5:5)

TW&O (10:10)

Crum of oily cakes Crust of oily cakes

Figure 1: Te efect of fat and or wheat four substitution with
apple pomace on crumb and crust of oily cakes. TCo: control
sample; TW10%: wheat substitution with pomace (10% w/w); TW20%:
wheat substitution with pomace (20% w/w); TO10%: fat substitution
with pomace (10% w/w); TO20%: fat substitution with pomace (20%
w/w); TW&O(5:5): fat and wheat substitution with pomace (5 : 5%
w/w); TW&O(10:10): fat and wheat substitution with pomace (10 :10%
w/w).
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3.7.2. Crumb Color. Crumb color of cakes varied with the
quantity and the replacement type (e.g. fat or/and wheat
four). According to Table 3, with increasing the level of
apple pomace, the crumb color became darker (lower L∗

values), more reddish, and yellowish (higher a∗ and b∗

values). Te highest and lowest lightness (L∗) were ob-
served in the control sample (70.33) and TW&O(10:10)

(65.00), respectively (p< 0.05). Moreover, the maximum
a∗ value was obtained for TW20% (10.0), and the diference
between this sample and the control one (6.33) was sig-
nifcant (p< 0.05). Te results showed that when the fat
was replaced with pomace apple, the b∗ value decreased
while wheat four substitution with apple pomace resulted
in a signifcant increase in b∗ value (p< 0.05). However,
the diference between the control sample and the treated
ones was not signifcant (p> 0.05). Regarding the color
diference index (ΔE∗), the largest diference was recorded
for TW20% and TO&W(10:10). Te diference between these
two cakes and the control sample was signifcant at the
level of 5%, while other samples did not show signifcant
color diferences from the control one. Tis color dif-
ference can be related to the natural color pigments of
apple pomace. Te results were in agreement with pre-
vious studies [13, 14, 38, 47]. Kırbaş et al. [13] also re-
ported that the lightness of the cake crumb decreased with
the addition of apple pomace sources, while the crumb of
cakes containing carrot or orange pomace powder was
lighter than the control one [13]. During cake baking, the
temperature of the cake crumb is not high enough for the
Millard and caramelization reactions (above 100°C). Tus,
the crumb color of cake samples is largely due to the color
of raw materials and the interaction between various
ingredients [40]. Moreover, the darkness of cake by in-
creasing the apple pomace of samples can be related to
nonenzymatic browning [48].

3.8. Shelf-Life Investigation

3.8.1. Moisture Content. Based on Table 4, on the frst day of
storage, only the diference between samples TO20% (19.7%)
and TW20% (18.4%) was signifcant (p< 0.05). Tis phe-
nomenon may be related to the diference in the batter
consistency of various cake samples. On the other hand, when
apple pomace was replaced with oil, the moisture content of
the product was higher. In the TW20% sample, the consistency
of the cake batter resulted in producing a hollower and more
voluminous cake structure, while the TO20% sample is a tough
rubbery cake. After 7 days of storage, a gradual decrease in the
moisture content was recorded in all samples. However, this
decreasing trendwas signifcant only in the control sample. At
the end of two weeks of storage, the moisture content of the
control sample was signifcantly lower than the other ones.
Temoisture diference between the 7th and 14th days was not
signifcant in any of the samples. However, the moisture
content of the control sample followed a decreasing trend,
while in treated ones, an increasing trend can be observed
(p> 0.05).Te increasingmoisture content of treated samples
may be due to the hygroscopic nature and a higher water
capacity for moisture retention of apple pomace, owing to the
water-holding capacity of the dietary fber [10, 37, 49].
Moreover, the higher growth of microorganisms in the
treated samples can cause the release of bound water [50].

3.8.2. Peroxide Value and FFA Content. Table 4 presents the
efects of apple pomace addition on the peroxide values and
free fatty acid (FFA) content of oily cakes during storage. An
increase in peroxide value and FFA content was observed in
all samples during storage (p< 0.05). Although there were
no signifcant diferences between the PV of various cake
samples on the frst day of storage, this parameter was lower
in the samples with lower fat content (e.g., TO20%, TO10%, and

Table 3: Te efect of fat and or wheat four substitution with apple pomace on color parameters of oily cake crust and crumb.

Treatment L∗ a∗ b∗ ΔE∗

Crust
TCO 55.7± 2.08ABC 26.7± 1.15A 45.7± 0.57A 0.00± 0.00B
TW10% 52.3± 1.53C 30.0± 2.00A 49.3± 1.16A 5.66± 1.38A
TW20% 53.0± 1.00BC 28.3± 3.06A 49.3± 1.53A 5.36± 1.40A
TO10% 57.3± 0.58A 25.7± 2.08A 47.0± 1.00A 3.48± 1.14AB
TO20% 56.0± 1.73AB 25.0± 2.00A 49.0± 1.73A 4.61± 1.75A
TW&O(5:5) 54.3± 1.53ABC 25.7± 1.52A 49.3± 2.08A 4.32± 2.01A

TW&O(10:10) 56.3± 1.16ABC 28.0± 1.73A 45.7± 1.53A 4.86± 1.76A

Crumb
TCO 70.3± 1.53A 6.33± 0.58B 27.7± 0.58AB 0.00± 0.00B
TW10% 67.3± 0.16AB 7.66± 1.15AB 29.7± 1.15A 4.63± 2.42AB
TW20% 65.3± 1.53B 10.0± 1.73A 30.3± 1.53A 7.41± 2.49A
TO10% 69.0± 1.00AB 6.67± 1.52AB 27.0± 2.67AB 3.45± 0.40AB
TO20% 67.7± 0.57AB 7.66± 1.52AB 24.0± 1.73B 4.85± 0.86AB
TW&O(5:5) 68.0± 1.00AB 9.00± 1.00AB 28.3± 2.08AB 4.22± 0.47AB

TW&O(10:10) 65.0± 2.65B 9.67± 1.53AB 27.7± 2.31AB 6.78± 3.67A

All data are presented in the manner of means± SD (n� 3). Te diverse letters for each parameter indicate signifcant diference (p< 0.05). TCO: control
sample; TW10%: wheat substitution with pomace (10% w/w); TW20%: wheat substitution with pomace (20% w/w); TO10%: fat substitution with pomace (10% w/
w); TO20%: fat substitution with pomace (20% w/w); TW&O(5:5): fat and wheat substitution with pomace (5 : 5% w/w); TW&O(10:10): fat and wheat substitution
with pomace (10 :10% w/w).
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TW&O(10:10)). In general, adding apple pomace had not
a signifcant infuence on retarding oxidation of the sample.
However, on the 7th day of storage, a PV of TO20% was
signifcantly lower than others. Moreover, at the end of
storage, the PV of TO20% and TO10% was under the acceptable
threshold limit of PV (2.00meq kg−1) [51, 52]. On the 14th
day of storage, the FFA content of samples TO10% and TO20%
was signifcantly lower than other ones. However, the FFA
content of all samples was higher than the acceptable limit
(0.3%) [51]. In this regard, Saeidi et al. [53] reported that
cakes enriched with pomegranate seed powder had a lower
PV than the control samples [53]. Al-Sayed and Ahmed [40]
indicated that the addition of watermelon rinds and Sharlyn
melon peel powders into cake formulation can decrease the
rate of peroxide and free fatty acids formation. Tey at-
tributed this phenomenon to the antioxidant potential of
watermelon rinds and Sharlynmelon peels [40]. However, in
the current study, the potency of the antioxidant apple
pomace was not signifcant (p> 0.05). Bioactive compounds,
especially phenolics, are sensitive to high temperatures
which have led to their degradation [54]. Furthermore,
diferences in the type of by-products and the cake for-
mulation can also be the reason for diferences between the
results obtained in various investigations.

3.8.3. Microbiological Stability. On the frst day of storage,
no mold and yeast colonies were seen in the samples (Ta-
ble 4). Lack of YMC could be related to the susceptibility of
yeast and mold to high baking temperatures as compared to

bacteria (Saranraj and Geetha, 2012). Moreover, fecal bac-
teria belonging to the Enterobacteriaceae family were not
detected in the oily cake samples, and the total microbial
count had no signifcant diference between the microbial
load of the control and treated samples (p> 0.05), and the
TMC and YMC of oily cakes containing apple pomace were
higher than TCO. At the end of the storage period in all
samples (except the control sample and two replicates of
TO10%), mold growths were clearly observed on the surfaces
of oily cakes. Although fresh cakes are free of molds, it is
during then when the storage period become contaminated
as a result of secondary contamination by mold spores from
the air and bakery equipment [34, 55]. At the end of storage,
the TMC of TCO and TO10% was also much higher than the
acceptable limit (TMC: 5 logCFU · g− 1; YMC:
3 logCFU · g− 1). In this regard, Khalifa et al. [56] reported
that TMC and YMC of wheat four cupcakes were higher in
samples containing potato peel residues during the storage
period [56]. In the study by Samsudin et al. [57], diferent
purée and powders of banana were used to prepare cake
samples. Te results showed that diferent moisture contents
of various cakes afected the microbial quality of the cakes
[57]. However, it was shown that the bioactive component of
tomato pomace enhanced the microbial quality of mufn
samples [33].

3.9. Sensory Analysis by Delphi-Fuzzy Logic. Table 5 presents
the sensory responses obtained from ten panelists during
14 days of storage. Te best sample for taste, aroma, texture,

Table 4: Te efect of wheat four and/or fat substitution with apple pomace on shelf-life parameters of the oily cake during two-weeks
storage period.

Storage time
(days)

Treatment
TCO TW10% TW20% TO10% TO20% TW&O(5:5) TW&O(10:10)

Moisture content (%)
0 19.0± 0.46ABa 18.7± 0.31ABa 18.4± 0.44Ba 19.3± 0.51ABa 19.7± 0.44Aa 18.8± 0.38ABa 18.6± 0.45ABa
7 18.0± 0.35Bb 18.4± 0.21ABa 18.2± 0.25Ba 19.1± 0.17Aa 19.4± 0.20Aa 18.5± 0.15ABa 18.5± 0.37ABa
14 17.7± 0.15Bb 18.8± 0.32Aa 18.5± 0.36Aa 18.7± 0.31Aa 19.0± 0.42Aa 19.1± 0.50Aa 19.4± 0.65Aa

Peroxide value (meq kg −1 oil)
0 0.27± 0.05Ac 0.29± 0.04Ac 0.28± 0.02Ac 0.13± 0.11Ac 0.08± 0.13Ac 0.27± 0.02Ac 0.24± 0.03Ac
7 0.81± 0.03Ab 0.76± 0.04Ab 0.83± 0.05Ab 0.64± 0.04Ab 0.57± 0.02Bb 0.73± 0.04Ab 0.70± 0.11Ab
14 2.34± 0.32Aa 2.42± 0.23Aa 2.15± 0.12Aa 1.94± 0.10Aa 1.97± 0.31Aa 2.19± 0.18Aa 2.35± 0.34Aa

Free fatty acid content (%)
0 0.13± 0.02Ac 0.14± 0.01Ac 0.15± 0.01Ac 0.11± 0.01Ac 0.12± 0.01Ac 0.15± 0.02Ac 0.13± 0.02Ac
7 0.28± 0.04Ab 0.26± 0.03Ab 0.28± 0.04Ab 0.22± 0.04Ab 0.19± 0.03Ab 0.26± 0.03Ab 0.23± 0.02Ab
14 0.46± 0.06Aa 0.47± 0.07Aa 0.47± 0.04Aa 0.39± 0.02Ba 0.31± 0.14Ba 0.49± 0.05Aa 0.52± 0.10Aa

Total microbial count (Log CFU·g −1)
0 1.63± 0.44Ac 1.48± 0.40Ac 1.45± 0.24Ac 1.62± 0.27Ac 1.55± 0.38Ac 1.78± 0.47Ac 1.61± 0.36Ac
7 3.04± 0.16Ab 3.83± 0.71Ab 3.63± 0.30Ab 3.35± 0.49Ab 3.53± 0.54Ab 3.71± 0.39Ab 3.69± 0.41Ab
14 >5a >5a >5a >5a >5a >5a >5a

Yeast and mold count (Log CFU·g −1)
0 <1 <1 <1 <1 <1 <1 <1
7 1.85± 0.33A 1.80± 0.31A 1.88± 0.40A 1.93± 0.37A 1.86± 0.22A 1.77± 0.11A 1.89± 0.26A
14 >3 >>3 >>3 >>3 >>3 >>3 >>3
All data are presented in the manner of means± SD (n� 3). Te diverse small letters for each parameter indicate signifcant diference between times
(p< 0.05). Te diverse capital letters for each parameter indicate signifcant diference between samples (p< 0.05). TCO: control sample; TW10%: wheat
substitution with pomace (10% w/w); TW20%: wheat substitution with pomace (20% w/w); TO10%: fat substitution with pomace (10% w/w); TO20%: fat
substitution with pomace (20% w/w); TW&O(5:5): fat and wheat substitution with pomace (5 : 5% w/w); TW&O (10:10): fat and wheat substitution with pomace
(10 :10% w/w).
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appearance, crust color, and crumb color was introduced as
follows: TW20%, TO20%, TW20%, TCO, TW&O(5:5), and TCO,
respectively. Following the addition of apple pomace to the
formulation, the fruity favor of the cake increased while the
grain taste was reduced. Also, replacing fat in foods adversely
infuences the taste of the cake. When fat substitution with

apple pomace happened, the samples received the lowest
score for texture and taste. Sensory evaluators noted that the
pleasant taste and aroma of apple pomace besides lower
rancidity taste of the TO20% sample during storage time
resulted in a “very bad” score, which is not being recorded
for the aroma of this sample. Tis result was in agreement

Table 5: Panelists preference for specifc quality parameters of oily cake samples and triplets related with sensory scores.

Treatment V.P P F G V.G Sensory scores triplet Defuzzifcation(0 0 25) (0 25 50) (25 50 75) (50 75 100) (75 100 100)
Taste
TCO 6 4 4 8 8 (36.67 56.67 75.00) 56.2
TW10% 8 2 5 7 8 (35.83 54.17 72.50) 54.2
TW20% 8 2 3 8 9 (38.33 56.67 74.17) 56.5
TO10% 2 7 13 8 0 (24.17 47.50 72.50) 47.9
TO20% 1 9 12 8 0 (23.33 47.50 72.50) 47.7
TW&O(5:5) 8 2 4 8 8 (36.67 55.00 73.33) 55.0
TW&O(10:10) 9 1 6 8 6 (33.33 50.83 70.83) 51.5
Aroma/smell
TCO 7 3 4 11 5 (34.17 53.33 74.17) 53.7
TW10% 8 2 4 10 6 (35.00 53.33 73.33) 53.7
TW20% 7 3 3 8 9 (38.33 57.50 75.00) 57.1
TO10% 1 3 12 9 5 (37.50 61.67 82.50) 60.8
TO20% 0 5 8 11 6 (40.00 65.00 85.00) 6 .7
TW&O(5:5) 7 3 5 8 7 (35.00 54.17 73.33) 54.2
TW&O(10:10) 8 2 6 7 7 (34.17 52.50 71.67) 52.7
Texture
TCO 3 5 8 10 4 (33.33 55.83 77.5) 55.6
TW10% 3 2 12 8 4 (34.48 56.90 78.45) 56.7
TW20% 2 4 11 6 7 (36.67 60.00 79.17) 59.0
TO10% 1 13 11 5 0 (17.50 41.67 66.67) 41.9
TO20% 3 16 9 2 0 (10.83 33.33 58.33) 34.0
TW&O(5:5) 2 4 10 11 3 (34.17 57.50 80.00) 57.3
TW&O(10:10) 3 4 9 11 3 (33.33 55.83 78.33) 55.8
Appearance
TCO 0 0 4 12 14 (58.33 83.33 96.67) 80.4
TW10% 0 0 5 12 13 (56.67 81.67 95.83) 79.0
TW20% 0 0 8 16 6 (48.33 73.33 93.33) 72.1
TO10% 0 0 10 12 8 (48.33 73.33 91.67) 71.7
TO20% 0 0 14 8 8 (45.00 70.00 88.33) 68.3
TW&O(5:5) 0 0 9 10 11 (51.67 76.67 92.50) 74.4
TW&O(10:10) 0 2 16 10 2 (35.00 60.00 83.33) 59.6
Color (crust)
TCO 0 0 8 12 10 (51.67 76.67 93.33) 74.6
TW10% 0 0 8 13 9 (50.83 75.83 93.33) 74.0
TW20% 0 0 7 13 10 (52.50 77.50 94.17) 75.4
TO10% 0 0 7 14 9 (51.67 76.67 94.17) 74.8
TO20% 0 0 8 11 11 (52.50 77.50 93.33) 75.2
TW&O(5:5) 0 0 6 14 10 (53.33 78.33 95.00) 76.2
TW&O(10:10) 0 0 9 11 10 (50.83 75.83 92.50) 73.7
Color (crumb)
TCO 0 0 8 10 12 (53.33 78.33 93.33) 75.8
TW10% 0 0 8 13 9 (50.83 75.83 93.33) 74.0
TW20% 0 0 11 12 7 (46.67 71.67 90.83) 70.2
TO10% 0 0 7 14 9 (51.67 76.67 94.17) 74.8
TO20% 0 0 6 16 8 (51.67 76.67 95.00) 75.0
TW&O(5:5) 0 0 9 11 10 (50.83 75.83 92.50) 73.7
TW&O(10:10) 0 0 9 12 9 (50.00 75.00 92.50) 73.1
V.P: very poor; P: poor; F: fair; G: good; V.G: very good. TCO: control sample; TW10%: wheat substitution with pomace (10% w/w); TW20%: wheat substitution
with pomace (20% w/w); TO10%: fat substitution with pomace (10% w/w); TO20%: fat substitution with pomace (20% w/w); TW&O(5:5): fat and wheat
substitution with pomace (5 : 5% w/w); TW&O(10:10): fat and wheat substitution with pomace (10 :10% w/w). Te bold numbers represent the best samples.
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with a previous study [58]. When fat substitution with apple
pomace happened, the defuzifed value for the texture of the
samples was lower than 50 (fair score). Although TW&O(10:10)

samples received “good” to “very good” scores for aroma,
taste, and texture on the frst day of storage, at the end of
storage, the score of this sample was “bad”-“very bad” due to
rancidity and odor of mold spoilage (Table 5).

Te texture is the sensory attribute most infuenced by
the presence of apple pomace in the cake. As seen in Table 5,
wheat four substitution with apple pomace improved the
texture score of samples as compared to the control, while fat
substitution with apple pomace decreased the texture score.
Generally, when fat was replaced by apple pomace, a harder
texture can be observed. Tese results were supported by
previous authors, which claimed that wheat four sub-
stitution with apple pomace decreased the frmness of cake
[59]. However, Hosseini Ghaboos et al. [60] reported that
increasing the level of substitution from 0 to 20% pumpkin
powder resulted in an increase in the density and frmness of
the cake [60]. Negi et al. [10] reported that the texture score
was reduced by increasing the apple pomace powder con-
centration. However, this change was acceptable for the
panelist group up to 30% replacement [10]. Masoodi et al. [4]
reported acceptable physical properties for cakes prepared
by adding 5, 10, or 15% of apple pomace to wheat four [4].
Food is a complex composition, and many factors such as
type and level of fber source, consistency of the cake batter,
and formulation can highly afect the texture [41, 59]. In this
regard, Lebesi and Tzia [59] claimed that the texture of cakes
fortifed with dietary fber was softer than cereal bran cakes
[59]. A darker color of cake crumb decreased the color score
of samples in which wheat four was substituted with apple
pomace. However, the defuzzifed values of various samples
were close to each other.

Table 6 shows the importance of various sensory
properties. None of the sensory parameters were considered
“very unimportant” by panelists. Te most important sen-
sory attributes were texture (0.93), taste (0.92), and aroma
(0.90) properties, while appearance (asymmetry and puf-
ness) showed lower importance as compared to other
properties. However, the defuzzifcation score of these pa-
rameters was higher than 0.6.Tus results were in agreement
with the fndings of previous studies [21, 34].

Te overall sensory scores of oily cakes are presented in
Figure 2. Based on defuzzifed values, the ranking of samples
was as followed: TCO (64.4)>TW20% (63.9)>TW&O(5:5)

(63.7)>TW10% (63.6)>TO10% (60.2)>TW&O(10:10) (60.1>
TO20% (58.8).

Wheat four substitution with apple pomace (20%) had
no adverse efect on the sensory score of oily cakes.
Moreover, this replacement can improve the texture and
taste of the product. However, the cake contains apple
pomace prone to microbial spoilage (especially mold) and
rancidity, which reduces the sensory score during storage.
Terefore, this formulation can be recommended for fresh
consumption (short shelf-life).

4. Conclusion

Te result of the current study revealed that by increasing the
level of apple pomace powder in oily cake formulation, the
caloric values of the samples were decreased and the fber
content was enhanced. Using apple pomace (20%) to replace
wheat four can enhance the nutritional value without
showing signifcant changes in the sensory profle of sam-
ples. However, apple pomace cannot sufciently imitate the
techno-functional properties of fat. By reducing the fat
content of oily cakes, the volume of cakes decreased while
wheat four substitution by apple pomace resulted in an
enchantment of the distribution of the bubbles in the cake
matrix. Te antioxidant and antimicrobial potential of apple
pomace was not signifcant. Terefore, apple pomace
powder has no signifcant efect on the shelf-life of oily cakes.

Table 6: Sum of individual preference to the importance of quality attributes of samples in general.

Sensory attribute V.UI UI SI I HI Scores triplet Defuzzifcation
Taste 0 0 0 2 18 (72.50 97.50 100.0) 0.92
Aroma/Smell 0 0 0 4 16 (70.00 95.00 100.0) 0.90
Texture 0 0 0 1 19 (73.75 98.75 100.0) 0.93
Appearance 0 1 9 10 0 (36.25 61.25 86.25) 0.61
Color (crust) 0 0 4 12 4 (50.00 75.00 95.00) 0.74
Color (crumb) 0 0 7 11 2 (43.75 68.75 91.25) 0.68
V.UI: very unimportant; UI: unimportant; SI: somewhat important; I: important; HI: highly important.
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Figure 2: Overall score of various oily cakes and ranking TCO:
control sample and scores triplet (43.02, 65.47, 83.55); TW10%:
wheat substitution with pomace (10% w/w) and scores triplet
(42.54, 64.50, 82.98); TW20%: wheat substitution with pomace (20%
w/w) and scores triplet (42.67, 64.96, 83.22); TO10%: fat substitution
with pomace (10% w/w) and scores triplet (36.65, 61.01, 82.14);
TO20%: fat substitution with pomace (20% w/w) and scores triplet
(35.36, 59.72, 80.56); TW&O(5:5): fat and wheat substitution with
pomace (5 : 5% w/w) and scores triplet (42.38, 64.68, 83.16);
TW&O(10:10): fat and wheat substitution with pomace (10 :10% w/w)
and scores triplet (38.78, 60.60, 80.48).
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Following the addition of apple pomace to the formulation,
the fruity favor of the cake increased while the grain taste
was reduced. Tus, apple pomace has a good potential to
enhance the nutritional as well as the sensory profle of oily
cakes. Apple pomace could be considered a cost-efective,
sustainable, and healthy alternative for part of wheat four,
recommended in an industrial setting. Further research is
needed to produce reduced-fat cakes. Te investigation of
the efect of the addition of fruit pomace powder(s) along
with fat replacers and a natural preservative (such as plant
essential oils and extracts) besides optimizing cake formu-
lations can be suggested for future research.
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