% applied sciences

Article

Incorporation of Black Currant Pomace into Emulsions for
Reducing Saturated Fat in Shortbread Cookies

Rytis Michalkevicius, Loreta BaSinskiené

check for
updates
Academic Editors: Antonios
E. Koutelidakis, Ena Cegledi and

Ana Dobrin¢ié

Received: 27 September 2025
Revised: 16 October 2025
Accepted: 17 October 2025
Published: 21 October 2025

Citation: Michalkevidius, R.;
Basinskiené, L.; Jagelaviciate, J.;
Cizeikiene, D. Incorporation of Black
Currant Pomace into Emulsions for
Reducing Saturated Fat in Shortbread
Cookies. Appl. Sci. 2025, 15, 11266.
https:/ /doi.org/10.3390/
app152011266

Copyright: © 2025 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license

(https:/ / creativecommons.org/
licenses /by /4.0/).

, Jolita Jagelaviciaité and Dalia Cizeikiené *

Department of Food Science and Technology, Kaunas University of Technology, Radvilénu Rd. 19,
LT-50254 Kaunas, Lithuania; loreta.basinskiene@ktu.lt (L.B.); jolita.jagelaviciute@ktu.lt (J.].)
* Correspondence: dalia.cizeikiene@ktu.lt

Abstract

Cookies are widely consumed bakery products valued for their pleasant taste and texture;
however, their high fat content contributes significantly to their caloric density and cardio-
vascular diseases. Therefore, the development of alternatives for replacement of saturated
and trans fatty acids in bakery goods has attracted considerable scientific interest. In this
study, the potential application of structured emulsion supplemented with blackcurrant
pomace (EBP) as saturated fat (margarine) replacer in shortbread cookies was investigated
by employing black currant pomace/rapeseed oil/water (15/30/55 w/w/w) emulsion to
replace margarine in cookies at 50 and 70% substitution; full-fat cookies were also tested as
a control. With increasing EBP substitution level, the cookie diameter decreased, thickness
and hardness increased, and a lower color lightness was noted. Meanwhile, total pheno-
lic content was greater for the EBP-fortified cookies than the control. Nevertheless, the
50% margarine substituted cookie received acceptable ratings for odor, flavor, hardness,
fragility, and overall acceptability by sensory evaluation. This indicates that the use of EBP
as substitute of solid fats in cookies offers the advantage of producing healthier and more
acceptable products depending on the degree of fat replacement.

Keywords: berry pomace; structured emulsion; fat replacers; bakery products

1. Introduction

Cookies are widely consumed bakery products appreciated for their palatable taste
and convenient shelf-stable format. However, their high fat content, particularly from
solid fats like margarine or butter, contributes significantly to energy density and the
intake of saturated and trans fatty acids. These compounds are associated with adverse
health outcomes, including elevated cardiovascular disease risk [1,2]. Excessive intake
of saturated fats continues to be a major dietary challenge in Europe, highlighting the
importance of aligning fat consumption with established nutritional guidelines [3]. With
growing global attention on reducing dietary intake of saturated fats, research efforts
in recent years have increasingly focused on developing alternative strategies to replace
saturated and trans fatty acids in bakery formulations [4]. According to the European
Food Safety Authority, the intake of saturated and trans fatty acids should be minimized
as much as possible within a nutritionally balanced diet, since these compounds increase
LDL cholesterol levels and thereby elevate cardiovascular disease risk [3]. There is growing
scientific and industrial interest in the development of healthier bakery formulations that
maintain sensory quality while improving nutritional profiles [4].
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When solid fats in cookies are replaced with liquid or semi-solid fat systems, the
products may exhibit increased perceived greasiness, reduced crispness, and decreased
oxidative stability [5]. Therefore, in recent years, increasing attention has been given to
identifying new methods for replacing traditional solid baking fats (such as margarine
or butter), saturated fatty acids, and trans fats with healthier fat sources or alternative
ingredients offering an improved fatty acid profile with favorable sensory properties [6].

Among emerging strategies, partial or complete replacement of solid fats with plant-
based structured emulsions has gained interest [6,7]. Oil-in-water (O/W) emulsions stabi-
lized with natural fiber-rich by-products present a promising alternative [8,9]. In particular,
fruit and berry pomace—Dby-products of juice production—offer functional components
such as pectin, polyphenols, and dietary fiber [10,11]. These components can contribute
to emulsion stabilization, improve rheological behavior, and enhance the nutritional and
antioxidant profile of the final product [12,13]. The main insoluble fibers of fruit and berry
pomace are cellulose, hemicellulose, and lignin, while the majority of soluble viscous fibers
consist of pectins, which can be used in various food products as a gelling agent, emulsifier,
and thickener—for example, in bakery, confectionery, jellies, yogurts, and beverages [14].
Pomace and dietary additives can be incorporated into conventional or Pickering-type,
structured emulsions to improve their rheological properties and stability [8]. Apple
pomace-based emulsions have also been explored as alternatives to saturated fats in biscuit
formulations, demonstrating the potential to enhance nutritional value while preserving
desirable technological and sensory properties [14].

Black currant (Ribes nigrum) pomace, a rich source of insoluble and soluble dietary
fibers, vitamins, polyphenols, and anthocyanins, has shown potential as a natural struc-
turing and functionalizing agent in food formulations [15-17] as berry and fruit pomaces
are no longer seen as a by-product and is further processed as a value-added food ingre-
dient [18]. Therefore, blackcurrant pomace can be utilized as a functional ingredient in
conventional or Pickering-type emulsions, where it enhances the rheological behavior and
improves the overall stability of the dispersed systems.

Recent advances in emulsion technologies, including the development of Pickering-
type emulsions stabilized by solid particles, have enabled novel fat-replacement systems in
baked goods. Such systems may help mitigate the technological drawbacks commonly asso-
ciated with fat reduction, such as increased hardness, loss of spread, and reduced oxidative
stability [8,19,20]. Pomace-stabilized emulsions differ from conventional emulsifier-based
systems by providing greater resistance to droplet coalescence and enabling the encap-
sulation and controlled release of bioactive compounds [21]. Moreover, polyphenol-rich
matrices such as black currant pomace may impart antioxidant benefits and increase the
biofunctional value of the final product enriching it by soluble and insoluble dietary fiber.
Blackcurrant pomace is a rich source of dietary fiber, primarily in its insoluble form [22],
which supports digestive function, while the soluble fraction helps regulate blood glucose
and cholesterol levels, promotes gut microbiota balance, and enhances the texture of food
products [10]. The World Health Organization and the European Food Safety Authority
recommend a daily dietary fiber intake of approximately 25 g per person; however, actual
intake levels in many populations remain considerably lower than this guideline [23,24].

Thus, by utilizing black currant pomace to structure the emulsion (EBP), its incor-
poration into shortbread cookie formulations enables the development of fiber-enriched
products with reduced saturated fat content through the partial replacement of conven-
tional fats. This novel approach may serve as a clean-label alternative with the potential to
improve product stability and maintain desirable sensory properties, thereby addressing
the texture challenges commonly observed in fat-reduced cookies. Nevertheless, although
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several studies have investigated conventional fat replacers, there is a lack of information
on pomace-stabilized emulsions, particularly those based on blackcurrant pomace [25,26].

In this context, the present study aimed to investigate the potential of EBP as a partial
margarine replacer in cookie formulations. The EBPs were evaluated for their thermal and
static stability; effects on dough rheology; and impact on cookie quality, including physical,
textural, nutritional, and sensory characteristics. This study also assessed the oxidative
stability and total phenolic content of the resulting cookies. This research provides insight
into the use of food industry by-products in sustainable bakery innovations and offers a
pathway for the development of nutritionally improved cookie products.

2. Materials and Methods
2.1. Black Currants Pomace

Blackcurrant pomace was sourced from a local producer, UAB MV GROUP Production
(Vilnius, Lithuania), as a by-product remaining after juice extraction. Before analysis, the
pomace was dried at 35-40 °C for 48 h until it reached a moisture content of 7.97%, and
subsequently ground in a Retsch ZM200 laboratory cyclone mill (Retsch GmbH, Haan,
Germany) to obtain a particle size of 0.2 mm. The composition of the pomace, expressed
per 100 g of dry weight, was as follows lipids 12.20 g (of which saturated fatty acids 1.06 g),
carbohydrates 65.18 g (of which sugars 2.71 g), dietary fiber 62.10 g in total (6.1 g soluble
and 56.0 g insoluble), protein 14.80 g, salt 0.03 g, and minerals 2.70 g.

2.2. Preparation of O/W Structured Emulsions Supplemented with Black Currant Pomace

For O/W structured emulsion preparation, 30 g (dry weight basis) of black currant
pomace powder was mixed with 110 g of water preheated to 60 °C and dispersed for
5 min using an IKA T 18 digital ULTRA-TURRAX disperser (IKA-Werke GmbH & Co.,
KG, Staufen, Germany) at 10,000 rpm. Subsequently, 60 g of refined rapeseed oil (SV
Obeliai, Obeliai, Lithuania) was gradually added to the obtained dispersion and further
dispersed for 4 min at 10,000 rpm. The emulsion was then cooled in a Metos rapid cooling
cabinet (Metos Oy AB, Kerava, Finland) at 3 °C until it reached room temperature. A
probe thermometer ETI CaterTemp (ETI Ltd., Worthing, UK) was used for temperature
monitoring throughout the process [14].

2.3. Roduction of Shortbread Cookies with the Additives of O/W Structured Emulsion
Supplemented with Black Currant Pomace

Shortbread cookies were prepared using a modified procedure based on the method
described by Sereti et al. [14]. All main ingredients were purchased from local suppliers:
wheat flour 550D from Malsena plius, Ltd. (Malsena Plius, Panevézys, Lithuania), baking
margarine from Lidl Stiftung & Co. (Lidl Stiftung & Co., KG, Neckarsulm, Germany)
(composed of palm and coconut fats, drinking water, rapeseed oil, emulsifiers: lecithins,
mono- and diglycerides of fatty acids; 0.2% salt, flavoring, citric acid, retinyl palmitate,
cholecalciferol, and carotene), powdered sugar (Belbake, Lidl Stiftung & Co., containing
corn starch), baking powder (Dr. Oetker Baltic, containing leavening agents, wheat flour,
and starch), low-fat cocoa powder (Belbake, Lidl Stiftung & Co., containing potassium
carbonate as an acidity regulator), and refined rapeseed oil (S§V Obeliai, Lithuania).

For the experimental doughs, 50% and 70% of the baking margarine was replaced
with O/W structured emulsion supplemented with black currant pomace (EBP). The
control dough was prepared without the structured emulsion. All required quantities of
margarine, structured emulsion, powdered sugar, and cocoa were weighed and whipped in
a KitchenAid Classic planetary mixer (Whirlpool Corporation, Benton Harbor, MI, USA) for
25 min. Wheat flour, baking powder, and water were then incorporated, and the mixture
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was mixed until a homogeneous dough was obtained. The shortbread cookie formulations
are presented in Table 1.

Table 1. The shortbread cookie formulations (%).

SKK SK50EBP SK70EBP

Wheat flour 550D 49 49 49
Powdered sugar 16 16 16
O/W emulsion supplemented 14 196

with black currant pomace (EBP) '
Baking margarine 28 14 8.4

Water 5 5 5

Baking powder 1 1 1

Low-fat cocoa powder 1 1 1

SKK—control sample; SK50EBP—50% of margarine was replaced with EBP; SKZ0EBP—70% of margarine replaced
with EBP.

Shortbread cookies were shaped manually using a round metal cutter (60 mm diameter),
placed on baking trays lined with parchment paper, and baked in an Alto-Shaam convection
oven (Alto-Shaam, Inc.,, Menomonee Falls, WI, USA) at 160 °C for 10 min. After baking,
cookies were cooled to ambient temperature prior to quality and sensory assessments.

For texture analysis during storage, cookies were packaged in groups of three in paper
bags (22 x 12.5 cm, Aromata, AEC Sp. z 0.0., Quezon City, Philippines) and stored at room
temperature (~22 °C) ambient relative humidity (45-55%) for 49 days (7 weeks).

2.4. Evaluation of Static and Thermal Stability of O/W Structured Emulsions Supplemented with
Black Currant Pomace
To assess structured emulsion stability under static (storage) conditions, immediately
after preparation, the emulsion was transferred into graduated test tubes (10 mL each) and
stored at 4 °C for 3 weeks, monitoring the volumes of separated serum and the remaining
stable emulsion. Emulsion stability was evaluated visually according to the methodology
described by Huang et al. [9]. The stability of the emulsion was expressed as the percentage
ratio of the stable phase volume to the total sample volume and computed as shown in the
following equation:
ES, % = (VE/VB) x 100 (1)

where VE—volume of the emulsion phase, mL; VB—total sample volume, mL.

Thermal stability evaluation involved heating the emulsions at 80 °C for 30 min in a
water bath, cooling them to ambient temperature, and storing them at 4 °C for 7 weeks.
The volumes of both separated serum and the stable emulsion fraction were measured
throughout the storage period. Thermal stability was quantified as the percentage of the
stable emulsion in relation to the total sample volume (Equation (1)).

2.5. Evaluation of Dough Texture

Dough texture parameters were determined using a TA.XT plus texture analyzer
(Stable Micro System, Godalming, UK). Measurements were performed using a glass vessel
and an aluminum cylinder with a diameter of 20 mm. A 50 g portion of dough was
placed into the vessel and pressed against the walls and bottom to eliminate air gaps. The
distance between the vessel and the measuring cylinder was kept constant. The sample was
subjected to shear force for several seconds, and dough hardness, consistency, adhesiveness,
and cohesiveness were determined.
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2.6. Determination of Color Characteristics of Shortbread Cookie

The color of shortbread cookies was measured using a Konica Minolta colorimeter
(Tokyo, Japan). Color evaluation was based on the CIE (Commission Internationale de
I’Eclairage) Lab* system, where L* represents lightness, a* indicates redness, and b* denotes
yellowness. The colorimeter was placed on the cookie sample so that the measurement
aperture was in full contact with the sample surface, and the measurement was then taken.

2.7. Determination of Shape and Textural Properties of Shortbread Cookie

Analysis of cookie quality parameters was carried out 3—4 h after baking as previously
described by Pradhan et al. [27]. The diameter and height of the cookies were determined
with a ruler, and the spread ratio (SRA) was computed according to the following formula:

SRA = WA‘U/TA‘U (2)

where Wy, is the average width of cookies, and T4, is the average thickness of the cookies.

The textural properties of the cookies were evaluated following the method described
by Gutiérrez-Luna et al. [28] with slight modifications, the texture of the cookies was
analyzed using a TA.XT Plus texture analyzer (Stable Micro Systems, Godalming, UK)
with the three-point bending test. During the test, the cookies were bent at a constant
speed of 1.0 mm/s until breakage, and texture parameters such as hardness and distance
to break were recorded [14]. Texture measurements were conducted after 1, 3, 5, and
7 weeks of storage at room temperature to assess variations in texture parameters during
the storage period.

2.8. Evaluation of Sensory Analysis of Shortbread Cookie

A panel of 27 evaluators aged between 20 and 50 years participated in the sensory
evaluation of cookies and overall acceptability assessment according to ISO 6658 [29].
Sensory evaluation was conducted 3—4 h after baking, when the cookies had cooled to
room temperature. The appearance, overall aroma, hardness, crispness, overall taste,
sweetness, additive flavor acceptability, and overall acceptability of the baked products
were evaluated using a 7-point hedonic scale, where 1 corresponded to “dislike extremely”
and 7 to “like extremely”.

2.9. Calculation of the Nutritional Composition of Shortbread Cookies

The amount of a nutrient supplied by a raw material per 100 g of product was calcu-
lated by multiplying the quantity of the raw material in 100 g of product by the nutrient
content of the raw material (%) and dividing by 100% [30].

The energy value (kcal/100 g of product) was calculated by multiplying the nu-
trient content of the raw material (%) by the conversion factor K (proteins—4, fats—9,
carbohydrates—4, dietary fiber—2). The energy value in k] was obtained by multiplying
the resulting sum by 4.19, the equivalent of 1 kcal.

2.10. Determination of Oxidative Stability of Fats in Shortbread Cookies

The effect of black currant pomace-stabilized O/W structured emulsions on the oxida-
tive stability of cookie lipids was evaluated using the Oxipres method with an ML Oxipres
apparatus (Mikrolab Aarhus A/S, Aarhus, Denmark), which determines the induction pe-
riod (IP) [31]. For this purpose, 22-35 g of cookie sample (weighed to an accuracy of 0.001 g)
was placed in the reaction cell. Oxidation was assessed at a temperature of 120 °C under
an oxygen pressure of 0.5 MPa (5 bar). The oxidation of the sample is graphically recorded
and IP is defined as the time elapsed from the test start to a decrease in oxygen pressure.
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2.11. Determination of Phenolic Compound Content in Shortbread Cookies

Total phenolic content (TPC) was determined in black currant pomace and cookies
according to Singleton et al. [32] with slight modification and expressed in milligrams of
Gallic acid equivalents per gram of sample (mg GAE/g).

10 g of the ground sample was weighed into test tubes with an accuracy of 0.01 g and
extracted with solvent (50% MeOH /HCI) at a ratio of 1:3 (30 mL) for cookies and 1:4 (40 mL)
for pomace. The mixtures were vortexed and then placed in an orbital shaker-incubator
for shaking at 250 rpm for 30 min at 45 °C. After shaking, the samples were centrifuged for
30 min at 4 °C at 5000 rpm.

For cookie extracts, 250 uL of the obtained extract was combined with 1.25 mL of work-
ing Folin—Ciocalteu’s reagent and 1 mL of Na;COj solution. In the case of pomace samples,
1 mL of extract was first diluted with 300 mL of 50% MeOH /HCI solvent; subsequently,
250 uL or 125 pL of this mixture was added to 1.25 mL of Folin-Ciocalteu’s reagent and 1
mL of NayCO3. Control samples were prepared in parallel by mixing 1 mL of Na,CO3 with
0.25 mL of the solvent (50% MeOH /HCI). All tubes were incubated in the dark for 30 min.

From each glass test tube, 2 mL of cookie or pomace mixture was transferred into
capped plastic tubes and centrifuged for 5 min at 14,000 rpm. Absorbance values of the
test and control samples were measured with spectrophotometer (Thermo Electron LED
GmbH, Langenselbold, Germany) at a wavelength of 765 nm.

The calibration curve was prepared using standard solutions of gallic acid at different
concentrations (0.010, 0.025, 0.05, 0.1, 0.2, and 0.35 mg/mL).

2.12. Statistical Analyses

All experimental measurements were performed in triplicate. The results were ex-
pressed as mean values with standard deviations, calculated using Microsoft Excel 2019
(Microsoft Corp., Albuquerque, NM, USA). Statistical analysis was carried out using Stat-
graphics Centurion 19 software. One-way analysis of variance (ANOVA) was employed
to determine differences among sample groups, and Tukey’s Honest Significant Differ-
ence (HSD) post hoc test was applied to identify statistically significant differences at a
confidence level of p < 0.05.

3. Results and Discussion

3.1. Static and Thermal Stability of Structured Emulsions Supplemented with Black
Currant Pomace

The results of the static and thermal stability evaluation of EBP are presented in
Figure 1. Evaluation of the stability of EBP revealed that thermal treatment at 80 °C
had a significant effect on serum separation and overall structured emulsion stability
during storage. Emulsions that were not thermally treated demonstrated lower stability
compared to those subjected to heat treatment. Although the stability of non-thermally
treated emulsions remained above 96% on day 8 of the study, mold growth was observed
in these samples on day 9. Consequently, stability assessment for these samples was
discontinued. Such conditions are favorable for the proliferation of metabolically active
vegetative cells [33]. In contrast, thermally treated emulsions exhibited greater stability
throughout the storage period, maintaining approximately 92.75% stability by the end of the
experiment (after 21 day of storage). In contrast to traditional emulsion gels, Pickering-type
systems are stabilized through the irreversible adsorption of solid particles at the oil-water
interface, where they decrease interfacial energy and create a rigid barrier that contributes
to improved emulsion stability [34]. Pomace constituents, including insoluble and soluble
dietary fiber, proteins, play a role in determining emulsion stability [35]. Furthermore,
pectin present in black currant pomace between 2 and 15% [11,36,37] may contribute to
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thickening of these O/W dispersion systems due to interactions involving hydrophobic
groups [38]. The stability of berry pomace-based emulsions is attributed to two mechanisms:
(i) adsorption of fine insoluble particles at the O/W interface, where they form a protective
layer around droplets, and (ii) increased viscosity of the continuous phase resulting from
interactions between the insoluble fraction and soluble components, especially endogenous
proteins, which reduces droplet mobility and improves stability [35].
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Figure 1. Effect of storage duration on static and thermal stability of structured emulsions.

3.2. Effect of Structured Emulsions Supplemented with Black Currant Pomace on Dough Texture of
Shortbread Cookies

The obtained results describing the influence of EBP on the texture parameters of
cookie dough are presented in Table 2. The results of dough texture analysis showed
that the control cookie dough prepared with margarine exhibited significantly higher
hardness (p < 0.05) than the EBP-containing samples. In contrast, the dough in which
70% of margarine was replaced with EBP demonstrated significantly lower hardness
(p < 0.05), along with the highest values of consistency, adhesiveness, and cohesiveness
compared to the other samples. These trends are consistent with observations reported in
other studies on O/W emulsions [14]. In a study on apple pomace, the authors reported that
the dietary fiber present in the pomace can compete with wheat gluten for water, thereby
limiting the development of the gluten network. These fibers may also dilute or disrupt
the formation of the wheat protein matrix, leading to a firmer and denser dough [14,39].
Consistent with these findings, Xie et al. [40] observed a decrease in hardness in a study
where O/W emulsions were stabilized by cellulose. The reduction in dough hardness can
be attributed to the hydration and swelling properties of dietary fibers, resulting in a softer
and more workable biscuit dough [41]. In addition, the emulsion may interact with flour
proteins to facilitate gluten network formation, further contributing to the development of
an elastic and soft dough structure [42].

Table 2. Texture characteristics of shortbread cookies dough containing EBP.

Type of Cookie Hardness (N) Consistency Adhesiveness Cohesiveness
SKK 324.68 +0.05 ¢ 1312.14 £ 0.07 @ 148.11 £0.10° 85.40 £0.05°
SK50EBP 299.52 +0.07 © 1567.90 + 0.03® 154.15 £0.09 2 88.32 £0.03°
SK70EBP 256.11 £0.09 2 1588.94 + 0.05° 162.79 4+ 0.03 ® 131.91 4+ 0.04°

SKK—control sample; SKSOEBP—sample in which 50% of margarine was replaced with EBP; SK70EBP—sample
in which 70% of margarine was replaced with EBP. Values in the same column followed by different lowercase
letters (a—c) differ significantly (p < 0.05).
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3.3. Effect of Structured Emulsions Supplemented with Black Currant Pomace on Color, Shape
Properties of Shortbread Cookies

The visual appearance of cookies containing EBP are provided in Figure 2. These
images clearly show that the color of the control cookies differed significantly from those
containing the EBP. As the amount of EBP increased, the color of the cookies became
progressively darker. The visually observed differences in cookie color were confirmed by
instrumental color measurements, the results of which are presented in Table 3.

SKK SK50EBP SK70EBP

Figure 2. Appearance of shortbread cookies after baking with EBP: SKK—control sample; SK50EBP—

50% of margarine was replaced with EBP; SK70EBP—70% of margarine was replaced with EBP.

Table 3. Effect of EBP on color parameters, shape and textural properties of shortbread cookie.

Type of Cookie SKK SK50EBP SK70EBP
Color:

L* (lightness) 57.55 + 0.04 ¢ 4453 +0.31P 4330 +£0.132
a* (redness) 798 +£0.05¢ 484+020° 5.76 4 0.07
b* (yellowness) 21.93 +0.12°¢ 9.334+0.15P 842 +0.322
Shape properties:

Diameter, cm 6.93 +0.03° 6.78 + 0.06 2P 6.70 +0.052
Height, cm 0.57 +£0.032 0.58 £0.032 0.59 +£0.01°
Spread ratio 12.16 +0.03 ¢ 11.68 4+ 0.03 P 11.35 +0.03°

SKK—control; SK50EBP—50% of margarine was replaced with EBP; SKZ0EBP—70% of margarine was replaced
with EBP. Different lowercase letters (a—) within a row indicate statistically significant differences between values
(p < 0.05).

The color measurement results indicated that the EBP additive decreased the lightness
(L*) and yellowness (b*) of the cookies while increasing the redness (a*) values. Sereti
et al. [14] investigated the effect of an emulsion additive stabilized with apple pomace on
color characteristics and found that the lightness of cookies enriched with apple pomace
significantly decreased with increasing additive concentration. Meanwhile, the redness (a*)
values increased, whereas the yellowness (b*) values decreased, indicating more intense
browning in the cookies containing apple pomace. This effect can be attributed not only
to the intrinsic color of the raw material—which differs from conventional confectionery
flour—but also to the presence of glucose and fructose in the pomace, which participate
in caramelization and Maillard reactions. These reactions are well known to promote
browning in baked products through the formation of melanoidins and other reaction
compounds. Alongi et al. [43] and Patel et al. [44] also reported that the use of apple pomace
in the development of functional cookies reduced lightness values, resulting in darker
final products. Temperature and water activity are considered the main factors influencing
browning during cookie baking [45,46]. Increased dietary fiber such as cellulose content
enhanced hydration via hydrogen bonding, thereby partially suppressing the Maillard
reaction [41,47].
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Baking trial results showed that the EBP additive had a significant effect on cookie
shape—specifically, it reduced the diameter of the baked products (Table 3). Sereti et al. [14],
in their study on the impact of apple pomace-stabilized emulsion additives on cookie
quality, found that replacing margarine with an apple pomace-stabilized O/W emulsion
primarily affected cookie diameter, with the control cookies exhibiting the largest values.
Solid fat replacers (O/W emulsions) significantly reduced the diameter and spread ratio,
but had little effect on cookie height. A lower concentration of solid fats combined with a
higher water content increased the mobility of dough components, resulting in dough that
was less compact and cohesive. As a result, the dough spread less during baking, thereby
reducing the spread ratio. Spread ratio of cookies may have decreased as a result of reduced
fluidity [48]. These findings are consistent with the results of Elgindy’s study [4], which
showed that using dried apple pomace as a fat replacer reduced cookie diameter. Similarly,
Erinc et al. [49] demonstrated that replacing fat with wheat bran fiber also influenced cookie
shape by reducing the spread ratio.

3.4. Effect of Structured Emulsions Stabilized with Black Currant Pomace on Textural Properties of
Shortbread Cookie

The effect of the EBP additive on shortbread textural properties is presented in Table 4.
It was found that the EBP additive significantly increased (p < 0.05) the hardness of the short-
bread cookies compared to the margarine-containing product. Studies by Sereti et al. [14]
demonstrated that increasing the amount of apple pomace-stabilized emulsion (replacing
70%, 90%, and 100% of margarine) resulted in cookies that were harder and more resistant
to deformation and breakage compared to the control. In contrast, formulations with lower
amounts of the O/W emulsion, higher solid fat content, and greater concentrations of
saturated fatty acids produced cookies with a softer and more brittle texture. Similar trends
were reported by Yashini et al. [50] who used tomato seed flour as a fat replacer in cookie
production. According to Goswami et al. [51] the use of carbohydrate-based hydrocolloids
as fat replacers increases water absorption in the dough and strengthens the gluten network,
leading to firmer cookies. The observed texture modifications in hydrocolloid-enriched
cookies are associated with changes in moisture retention and differences in solid fat con-
tent, which influence the development and plasticization of the composite gluten—starch
network. The lower fracture strength observed in margarine-rich shortbread cookies may
be explained by the impact of fat on gluten network formation during mixing. These
textural findings are consistent with the diameter and spreadability results, where the
largest diameter and highest spread ratio were observed in the control cookies containing
margarine, supporting the conclusion that reduced fat content and emulsion addition led
to denser and structurally firmer cookies.

Table 4. Effect of EBP on the texture parameters of shortbread cookies during storage.

Storage Duration  Type of Cookie Hardness, N Break Distance, mm
Immediatel SKK 474 +£0.352 82.52 +0.12 ¢
= SK50JSE 6.74 £ 0.78 ¢ 81.61 +0.23°
after baking b
SK70JSE 1749 £ 0.31 € 82.72 +2.19 aP<
SKK 599 +0.25° 80.91 £ 0.60 2P
1 week SK50EBP 1776 £2.16 € 81.10 & 0.59 &b

SK70EBP 33.44 +2.26h 81.92 +0.94b




Appl. Sci. 2025, 15, 11266

10 of 16

Table 4. Cont.

Storage Duration  Type of Cookie Hardness, N Break Distance, mm

SKK 691 +037b 81.46 + 0.44 b

3 week SK50EBP 2422 +242f 80.60 + 0.17 2
SK70EBP 65.25 + 3.37 1 82.57 + 0.34 ¢

SKK 7.74 +0.27 € 81.58 + 0.36 P

5 week SK50EBP 27.82 +1.538 81.47 + 0.38P
SK70EBP 71.58 + 0.16 81.46 + 0.13P

SKK 9.73 +0.924 81.49 + 0.25b

7 week SK50EBP 31.96 +1.87h 81.60 + 0.33b
SK70EBP 85.94 +3.12k 81.46 + 0.27b

SKK—control sample; SKS0EBP—50% of margarine was replaced with EBP; SK70EBP—70% of margarine was
replaced with EBP. Different lowercase letters (a—k) within a column indicate statistically significant differences
between values (p < 0.05).

The results of the study on the effect of the structured emulsion additive on changes
in shortbread cookie texture parameters during storage are presented in Table 4. The
hardness of both the control cookies and those with EBP significantly (p < 0.05) increased
over the 7-week storage period. The additives of EBP intensified these hardness changes.
Over the 7-week period, the hardness of the control cookies with margarine increased by
4.99 N (51.28%), while the cookies in which 50% and 70% of margarine was replaced by the
emulsion showed an increase of 25.22 N (78.91%) and 68.45 N (79.65%), respectively. These
results suggest that, to maintain a texture acceptable to consumers, the shelf life of cookies
formulated with EBP should not exceed two months.

According to the scientific literature, cookies typically exhibit a long shelf life due to
their low water activity. Nevertheless, texture changes may occur during storage as a result
of moisture migration, redistribution, and interactions among ingredients. Components
within the cookie matrix can exist in different physical states depending on water content
and distribution, which in turn affects molecular mobility and physical behavior. Flour-
based confectionery products are generally hygroscopic and can readily absorb or lose
moisture depending on ambient humidity. The primary quality factor associated with
staling in such products is the loss of crispness caused by moisture uptake from the
surrounding environment [14].

3.5. Effect of Structured Emulsions Stabilized with Black Currant Pomace on Sensory Attributes of
Shortbread Cookies

The sensory properties and overall acceptability of the shortbread cookies as affected
by EBP addition are shown in Figure 3. The sensory evaluation results indicated that the
most preferred samples were the control cookies with margarine and those in which 50% of
the margarine was replaced with EBP. Panelists particularly appreciated the hardness,
crispiness, and overall flavor of the cookies without EBP replacer (control sample), and
the crispiness and overall aroma of the additive in the cookies which 50% of margarine
was replaced with structured emulsion. The least acceptable were the cookies in which
70% of the margarine was replaced by the EBP. Previous research has also shown that
cookies made with emulsions achieved favorable sensory ratings for texture and overall
acceptability, although butter-based controls remained the most preferred [28,52].
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Appearance

Overall acceptability £ > Overall aroma

=
Additive SKK
flavor » Hardness  —®= SK50EBP
acceptability o= SK70EBP
Sweetness - Crispness

Overall taste

Figure 3. Sensory properties and overall acceptability of shortbread cookies: SKK—control sample;
SK50EBP—50% of margarine was replaced with EBP; SK70EBP—70% of margarine was replaced
with EBP.

3.6. The Nutritional Composition of Shortbread Cookies

The calculated nutritional composition of shortbread cookies is presented in Table 5.
The results of the nutritional calculations showed that replacing margarine in the shortbread
cookies with an EBP reduced the energy value, fat content, saturated fatty acids, and
salt, while increasing the amounts of carbohydrates, sugars, dietary fiber, and proteins.
Compared to the control cookies with margarine, the fat content in cookies where 50%
of margarine was replaced with EBP was reduced by 6.02 g/100 g of product (26.72%),
and the saturated fatty acid content by 4.16 g/100 g (45.02%). In the cookies with 70%
margarine replacement, fat and saturated fatty acids decreased by 8.43 g/100 g (37.42%)
and 5.83 g/100 g (63.06%), respectively. The margarine replacement by EBP increased
content of dietary fiber and protein.

Table 5. Nutritional composition of shortbread cookies in which 50% and 70% of margarine was
replaced with EBP.

Energy value

Fats

of which saturates

Carbohydrates
of which sugars
Dietary fiber
Proteins

Nutrition Declaration per 100 g SKK SK50EBP SK70EBP

1829.90 kJ/ 1632.84 kJ/ 1554.02 kJ/

436.73 kcal 389.70 kcal 370.89 kcal
2253 g 1651 g 1410 g
924 ¢ 5.08¢g 341g
5222 ¢ 5336 g 5427 g
1722 ¢ 17.28 g 1730 g
201g 34lg 39%g
627 g 6.60 g 6.73 g
055¢g 052¢g 051g

Salt

SKK—control sample; SKS0EBP—50% of margarine was replaced with EBP; SK70EBP—70% of margarine was
replaced with EBP.

The calculations indicated that cookies in which more than 50% of margarine was
replaced with EBP could be labeled with the nutrition claim “Reduced in saturated fat,” in
accordance with Regulation (EC) No. 1924 /2006 of the European Parliament and of the
Council on nutrition and health claims made on foods [53], since their saturated fatty acid
content was reduced by more than 30% compared to the control cookies. This reduction is
particularly relevant considering that excessive intake of saturated and trans fatty acids
from solid fats such as margarine and butter has been associated with adverse health effects,
including increased cardiovascular disease risk [1,2,54]. High consumption of saturated fats
remains a major dietary concern in Europe, emphasizing the importance of reformulating
bakery products to align with nutritional recommendations and reduce overall saturated
fat intake [3]. Therefore, the substitution of margarine with blackcurrant pomace-stabilized
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emulsion represents a promising approach to developing clean-label bakery products with
improved nutritional profiles and reduced health risks. Moreover, all ingredients used in
the emulsion are food-grade and generally recognized as safe (GRAS), ensuring that this
fat replacement strategy poses no concerns regarding consumer safety.

3.7. Effect of Emulsions Stabilized with Black Currant Pomace on the Oxidative Stability of the
Fats in the Shortbread Cookies

The reduction in saturated fatty acids due to partial replacement of margarine with
a EBP also influenced the oxidative stability of the fats in the shortbread cookies. The
effect of the structured emulsion additive on the induction period (IP) of cookie fats is
presented in Figure 4. The results of the Oxipres test showed that the control cookies
with margarine had the highest IP. A higher IP value indicates greater oxidative stability,
meaning these cookies are more resistant to oxidation and have a longer shelf life. This
could be attributed to the use of baking margarine in the control samples, which has higher
oxidative stability compared to liquid oils [55]. As the proportion of rapeseed oil increased
and margarine content decreased in the formulations, the IP and oxidative stability of the
cookie fats declined.

e SKK e SK50EBP == SK70EBP

4 6 8 10 12 14
Duration, h

Figure 4. Effect of EBP on the induction period (IP) of shortbread cookie fats: SKK—control sample
(IP = 11.93 + 0.02); SKE0EBP—50% of margarine was replaced with EBP (IP = 4.14 £ 0.08);
SK70EBP—70% of margarine was replaced with EBP (IP = 1.34 & 0.01).

3.8. Effect of Structured Emulsions Stabilized with Black Currant Pomace on the Content of Total
Phenolic Compounds in Shortbread Cookies

EBP addition significantly affected the total phenolic content (TPC) of the cookies
(Table 6). Compared to the control samples, the TPC in cookies with 50% and 70% margarine
replaced by EBP increased by 38% and 43%, respectively. According to findings from
studies using apple pomace in baked products, the high phenolic content in cookies may be
attributed not only to the naturally high concentration of phenolic compounds in the fruit
pomace, but also to the formation of new compounds during baking—namely, Maillard
reaction products—which can enhance the cookies’ radical-scavenging and antioxidant
activity [14]. The TPC in black currant pomace determined in this study was higher than
values reported in other studies. For instance, Blejan et al. [56] and Basegmez et al. [57]
reported 26.2 and 24.34 mg GAE/g d.m., respectively, while seedless black currant pomace
was found to contain 18.55-22.41 mg GAE/g [58]. The characteristics of the pomace,
including its total phenolic content, can vary depending on the berry cultivar, growing
conditions such as climate and soil, and the processing techniques used [15].
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Table 6. Effect of EBP on the TPC in shortbread cookies.
Sample TPC, mg GAE/g of Cookie or Pomace
SKK 2.55+0.022
SK50EBP 3.5240.02°
SK70EBP 3.65+0.02¢
Black currant pomace 4323 4+0.194

SKK—control sample; SKS0EBP—50% of margarine was replaced with EBP; SK70EBP—70% of margarine was
replaced with EBP. Different lowercase letters (a—d) within a column indicate statistically significant differences
between values (p < 0.05).

4. Conclusions

Thermal treatment at 80 °C significantly affected the stability of the oil-in-water (O/W)
structured emulsion stabilized with blackcurrant pomace during storage, with greater
thermal than static stability observed. The addition of the structured emulsion reduced
dough hardness, strengthened consistency, and increased cohesiveness and binding capac-
ity. In cookies, the emulsion influenced shape, color, and texture—reducing diameter and
lightness (L*) while increasing hardness. These effects became more pronounced at higher
emulsion inclusion levels.

In sensory evaluation, panelists preferred the control cookies with margarine and those
with 50% margarine replacement. The addition of the structured emulsion reduced total fat
by 27-37% and saturated fatty acids by 45-63%, while increasing total phenolic compounds
by 38-43% compared to the control. According to Regulation (EC) No 1924 /2006, such
cookies may be labeled “Reduced in saturated fat.”

During storage at room temperature, all cookies exhibited staling and increased
hardness, which was accelerated by the structured emulsion. After 7 weeks, hardness
increased by over 50% in control cookies and by about 80% in those with 50% and 70%
margarine replacement. To ensure acceptable texture, the shelf life of cookies with emulsion
addition should therefore be limited. Overall, the use of blackcurrant pomace-stabilized
structured emulsion offers a clean-label and nutritionally improved alternative for partial
fat replacement in shortbread cookies.

Overall, this study demonstrates that incorporating blackcurrant pomace-stabilized
structured emulsion as a partial fat replacer offers a promising clean-label approach that
improves the nutritional profile and aligns with sustainable food production goals, while
maintaining acceptable technological and sensory quality.

Author Contributions: Conceptualization, L.B. and D.C; methodology, J.J. and D.C.; software, J.J.
and R.M.; validation, J.J. and R.M.; formal analysis, J.J., RM., D.C. and L.B.; investigation, RM.;
resources, L.B.; data curation, L.B. and D.C,; writing—original draft preparation, R M., J.J. and D.C;
writing—review and editing, L.B., D.C. and JJ.; visualization, J.J. and D.C.; supervision, L.B. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: All data generated or analyzed during this study are included in this
published article.

Conflicts of Interest: The authors declare no conflicts of interest.



Appl. Sci. 2025, 15, 11266 14 0f 16

Abbreviations
The following abbreviations are used in this manuscript:
EBP  Emulsion supplemented with black currant pomace
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