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Abstract: Cookie consumption can change the serum level of oxidized low-density lipoprotein (ox-
LDL) and oxLDL receptors, both playing important roles in the pathogenesis of atherosclerosis and
cardiovascular diseases. This study investigated the nutritional value and the antioxidant activity
of whole grain cookies in which 24% of the cocoa powder was substituted with grape and aronia
pomace and were further coated with edible films enriched with grape seed extract (GAP with
KGAE) as well as the effects of their consumption on the serum level of oxLDL receptors in women.
The proximate composition, mineral content, antioxidant activity, and starch digestibility in vitro
of experimental and control cookies were determined. A group of 12-13 healthy women (median
age 36) consumed 45 g of GAP with KGAE or commercial cookies for 10 days. The results showed
that GAP and KGAE cookies had increased flavonoid content (22%) and antioxidant potential (27—
73%) compared to the control. The content of slowly digestible starch prevailed over rapidly digest-
ible starch. The serum concentrations of the oxLDL receptors between the test and control groups
were similar. We can conclude that the moderate consumption of whole grain cookies with fruit by-
products does not lead to the formation of oxLDL receptors in healthy women.

Keywords: oxidized LDL receptor; starch digestibility; biscuits; chitosan; gum arabic; grape
pomace; aronia; chokeberry pomace; cocoa substitute; grape seed extract

1. Introduction

The excessive consumption of cookies that are high in sugar and saturated fat can
lead to chronic non-communicable diseases such as cardiovascular disease (CVD) and di-
abetes type II [1]. CVD is a leading cause of premature death and disability in Europe,
according to the World Health Organization [2]. Cookie consumption changes the blood
concentration of glucose, but also triglycerides, low-density lipoprotein (LDL), and high-
density lipoprotein [1]. This alone does not cause CVD because LDL must first be oxi-
dized. If there is an imbalance between radical formation (production of reactive oxygen
species) and radical removal (action of antioxidants), oxidized low-density lipoprotein
(oxLDL) can form [3]. The newly formed oxLDL triggers the onset of atherosclerosis in
the following steps: increased expression of adhesion molecules on vascular endothelial
cells, the attraction of leukocytes to endothelial cells, the sequestration of leukocytes into
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the intimal layer, macrophage activation, the release of cytokines and reactive oxygen spe-
cies (ROS), and plaque formation [4]. In addition, the lectin-like receptor-1 for oxLDL
plays an important role in triggering atherosclerosis since different actions commence
when oxLDL binds to the oxLDL receptor in different cell types. This binding increases
the absorption of oxLDL in vascular smooth muscle cells (VSMCs) and macrophages and
promotes the production of foam cells. Moreover, it induces apoptosis in VSMCs and con-
tributes to endothelial activation [5]. However, to our knowledge, no study investigated
the effect of cookie consumption on the formation of oxLDL receptors in humans.

Polyphenols and other antioxidants in human nutrition represent a valuable nutri-
tional tool in preventing CVD, diabetes, osteoporosis, and cancer [6]. Polyphenols coun-
teract the oxidation of LDL and the subsequent deposition of atherosclerotic material in
tissues [7]. Epidemiological studies have shown that polyphenols present in berries [8],
cocoa [9] and red wine [10] are strong antioxidants that can slower CVD progression.

Recently, fruit-by products have become interesting for the recovery of their antioxi-
dants. Aronia or chokeberry (Aronia melanocarpa) is the richest source of polyphenols
among berry fruits [11], with a very high content of procyanidins, anthocyanidins, and
phenolic acids, while flavonols are present in lower amounts [12]. Aronia is mostly used
for juice production, in which aronia pomace remains a by-product. In addition to their
high antioxidant capacity, the main polyphenolic constituents of aronia also possess anti-
inflammatory, anticancer, antimicrobial, antiviral, antidiabetic, antiatherosclerotic, anti-
hypertensive, antiplatelet, and anti-inflammatory properties [13]. Grapes (Vitis vinifera),
are one of the most widely grown crops worldwide [14] and are used for wine or juice
production. The remaining grape pomace and seeds contain significant amounts of die-
tary fiber with high antioxidant activity due to the natural presence of polyphenols and
other bioactive compounds, indicating the potential use of this sustainable resource as a
food or beverage ingredient [15-18]. In our previous studies, we found that up to 24% of
cocoa powder can be successfully replaced in cookie recipes with a mixture of grape and
aronia pomace (GAP) without affecting their sensory acceptability [18].

Polysaccharide-based edible films are a form of biodegradable food packaging [19]
that not only fulfill the role of protection but also reinforce the mechanical strength and
enhance the phenolic content of a food [20]. Edible films are used for various food catego-
ries, including baked goods [20,21]. Previously, we found that the application of an edible
film based on chitosan and gum arabic enriched with grape seed extract (KGAE) posi-
tively affects cookies' shelf life [20]. Although there is great interest in the health benefits
of edible films enriched with bioactive compounds, the detailed nutritional profile of
coated cookies is missing.

The aim of the present study was to investigate the effects of replacing cocoa powder
with fruit by-products and the application of edible film on the nutritional value, antioxi-
dant activity, and starch digestibility of cookies. The second goal of this study was to in-
vestigate the effects of cookies consumption on oxLDL receptors in healthy women.

2. Materials and Methods
2.1. Materials for Preparation of Cookies and Edible Films

Fine rolled oats (Crownfield, Germany) with a protein content of 13.5% and whole
spelt flour (Siladi, Croatia) with a protein content of 12% were purchased at a local market.
Margarine (containing 30% butter) (70% fat) and cocoa powder (20% fat) were purchased
from Zvijezda and Kra$ (Zagreb, Croatia), respectively. Dried red grape pomace (Vitis vi-
nifera L., Frankovka and Syrah varieties, with seeds, containing 9.2% fat) and aronia pom-
ace (Aronia melanocarpa L., without seeds, containing 4.0% fat) were obtained as by-prod-
ucts from local juice producers (Davorka Sipek, NatkriZovljan, Cestica municipality, and
Tomislav Jurendi¢, Koprivnica, Croatia). Dried grape and aronia pomaces (7 g) were
ground in a laboratory ball mill (Cryomill, Retsch, Golling an der Salzach, Austria) with
12 steel balls (10 mm diameter) for 3 min in a 50-mL stainless steel container at a vibration
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frequency of 30 Hz to achieve the median diameter of the 50th percentile (36 + 5 pm) sim-
ilar as cocoa powder (41 = 3 um) [18].

The edible film was prepared using chitosan (France Chitin, Orange, France, type
652, Mw 165 kDa, DA > 85%), gum arabic (GA) (Enologica vasons. p.a., San Pietro in Ca-
rino, Italy) and MegaNatural Gold grape seed extract (GSE) donated by Polyphenolics
(Madera, CA, USA; the total phenolic content was 90%, expressed as mg of gallic acid
equivalent per 100 g). GSE was stored in its original packaging at -18 °C. A film-forming
solution (FFS) was prepared using acetic acid (Merck, Darmstadt, Germany) and purified
water.

2.2. Cookies and Edible Film Preparation

Three types of cookies were prepared according to Molnar et al. [20]: control cocoa
cookies without fruit pomace in the recipe (CC), cookies enriched with grape and aronia
pomace (GAP), and cookies with grape and aronia pomace covered with edible film (GAP
with KGAE). The recipe for CC contained (with a percentage of spelt flour and oat flakes
combined weight in brackets): fine rolled oats 300 g, whole spelt flour 252 g, margarine
200 g (36.2%), brown sugar 135 g (24.5%), cocoa powder 48 g (8.7%), vanilla sugar 35 g
(6.3%), tap water 20 g (3.6%), salt 4 g (0.7%), baking powder 3 g (0.5%), and sodium bicar-
bonate 3 g (0.5%). In GAP and GAP with KGAE, 11 g (23.6%) of cocoa powder was re-
placed with a mixture of grape pomace (8.2 g which is 17.5% of cocoa) and aronia pomace
(2.8 g which is 6.1% of cocoa) [18].

The FFS, consisting of chitosan, GA and GSE, was prepared as described previously
by Molnar et al. [21]. First, chitosan powder was dissolved in 1% (v/v) aqueous acetic so-
lution while GA powder was dissolved in distilled water to obtain 5% (w/v) solutions.
Then, GSE (1 g/L) was added to the GA solution and mixed for 40 min on a magnetic
stirrer. Finally, the GA containing GSE and the chitosan solutions were mixed in a 50:50
ratio to obtain an active FFS (KGAE). After spraying KGAE over the GAP cookies, they
were dried for 30 min at 80 °C in an oven [20].

CC, GAP, and GAP with KGAE were used for nutritional and biochemical analyses
as well as for the determination of starch digestibility, while GAP with KGAE was used
in the intervention study along with commercial cookies.

Commercial cookies (Cioccograno, Mulino Bianco, Barilla) purchased at the local
market contained 22 g of fat of which 10 g were saturated fatty acids, 60.4 g of carbohy-
drates of which 23.4 g were sugars, 7.6 g of protein, 6.3 g of dietary fiber and 0.43 g of salt
per 100 g.

2.3. Determination of Proximate Composition of Cookies

Ash content was determined after incineration at 550 °C according to the AACC 08-
01 method [22]. Moisture content was determined gravimetrically using a moisture ana-
lyzer (PMB53 Adam Equipment, Oxford, CT, USA). Protein content was analyzed accord-
ing to the standard Kjeldahl method [23] and the conversion factor 6.25 was used for the
calculation. Fat content was analyzed according to ISO 6492:1999 [24] and using the Foss
Soxtec TM 8000 extraction system and the Foss Hydrotec TM 8000 Hydrolasys system
(Foss, Hilleroed, Denmark), while the methyl esters of fatty acids [saturated (SFA), mono-
unsaturated (MUFA) and polyunsaturated (PUFA)] were determined in accordance with
ISO 12966-4:2015 [25] using an Agilent 7890B gas chromatograph (Santa Clara, CA, USA).
Crude fiber content was measured using the FIBERTEC 2010 and M6 (Foss Analytical AB,
Hogands, Sweden). The method is based on successive steps of chemical treatments to
dissolve the non-fiber components and the final determination of the residue obtained.
The determination of mineral content was performed according to the European stand-
ards EN 14084:2003 [26] and EN 15763:2010 [27]. The determination of ash, protein and fat
content was performed in duplicate, while the determination of crude fiber and minerals
was performed in triplicate for each cookie sample.
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2.4. In Vitro Starch Digestibility

Starch digestibility was studied in vitro using a slightly modified method of Englyst
[28], which directly correlates with the glycemic response [29]. The method is based on
the measurement of glucose released from a test food during a time-limited incubation
with digestive enzymes under controlled conditions and allows the determination of free
glucose (FG), rapidly available glucose (RAG), rapidly digestible starch (RDS), slowly di-
gestible starch (SDS), resistant starch (RS), and total starch (TS). Heat-stable amylase
(A3306) used to determine total starch, as well as pancreatin (P7547), amyloglucosidase
(A7095), and invertase (14504) used for in vitro hydrolysis of starch, were purchased from
Sigma Aldrich Co. (St. Luis, MO, USA). The absorbance of the standards and samples was
measured at 490 nm using a microplate reader (VICTOR X3, PerkinElmer, Shelton, CT,
USA). The following formulas were used to calculate TS, RDS, SDS, RS, and RAG:

TS = (TG - FG) x 0.9 1)
RDS = (G20 - FG) x 0.9 @)
SDS = (Gi20— Go) x 0.9 3)
RS = (TG - Gizo) x0.9 (4)
RAG = At x Vt x C x D/As x Wt x 100 (5)

where G represents glucose released after 20 min, Gi2o represents glucose released after
120 min, At is the absorbance of the test solution, Vt is the total volume of the test solution,
C is the concentration of standard (mg glucose/mL), D is the dilution factor, As is the ab-
sorbance of standard and Wt is the weight (in mg) of the sample taken for analysis.

2.5. Determination of Flavonoid Content and Antioxidant Activities

The extract was prepared as described by Molnar et al. [20]. It was used for the meas-
urement of flavonoid content and antioxidant activities in triplicate using a UV 1600PC
spectrophotometer (VWR International, Leuven, Belgium).

For the determination of flavonoid content, 2 mL of the extract, 1.5 mL of 96% etha-
nol, 0.1 mL of 10% aluminum chloride, 0.1 mL of 1 M potassium acetate, and 100 pL of
distilled water were pipetted into a cuvette. A blank sample was prepared in the same
manner, using the extraction solvent instead of the extract and distilled water instead of
10% aluminum chloride. After 30 min, the absorbance was measured at 415 nm. The six-
point calibration curve (0.02-0.10 pmol/mL) was prepared using a rutin standard solution.

For the ferric reducing antioxidant power (FRAP) assay, 300 uL of the extract was
mixed with 200 uL of methanol and acetone solution (50:50, v/v) and 2 mL of the FRAP
reagent (temperate at 37 °C) was immediately added. The absorbance was measured at
593 nm. Radical scavenging activity was determined using 2,2-diphenyl-1-picrylhydrazyl
(DPPH). In a microcuvette, 150 pL of the extract was mixed with 0.95 mL of a 0.06 mM
DPPH solution. After standing in the dark for 30 min, absorbance was measured at 517
nm. For the 2,2"-Azinobis-(3-ethylbenzthiazolin-6-sulfonic acid) (ABTS) assay, 150 uL of
the extract was mixed well with 2 mL of ABTS* and shaken. The extraction solvent was
used for the blank samples. The absorbance was measured after 6 min with a blank sample
(extraction solvent instead of extract) at 734 nm. The five-point standard calibration curves
(0.02-0.10 pmol/mL) were prepared for FRAP, DPPH, and ABTS antioxidant tests using a
Trolox solution (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid).
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2.6. Determination of oxLDL

The study was designed as a randomized controlled trial. It was carried out in May
2021, at the University Hospital Center Sestre Milosrdnice, the Department of Clinical
Chemistry (Zagreb, Croatia).

2.6.1. Subjects

A cohort of 25 women (aged 23-60) was randomly divided into two groups. The con-
trol group included 12 women who consumed 45 g of commercial cookies (Cioccograno,
Mulino Bianco, and Barilla). The test group included 13 women who consumed 45 g of
GAP with KGAE. Participants were advised to eat 30 g of cookies at breakfast and 15 g of
cookies between meals daily for 10 days. Study participants were nonsmokers, did not
suffer from chronic diseases, were not taking medications to treat cardiovascular diseases,
and had not taken dietary supplements for at least three months prior to the start of the
study. Subjects who were pregnant, had a body mass index (BMI) of >30 kg/m?, or were
vegetarians were excluded because these factors affect oxidative stress, which would af-
fect the results of the study. In addition, subjects who consumed more than 500 mL of
flavonoid-rich foods (tea, coffee, cocoa, fruit juices) were excluded, as determined by a
food intake frequency questionnaire. Subjects suffering from allergies to any of the ingre-
dients were also excluded. All subjects were asked to maintain their usual lifestyle and to
report any illness if it occurred during the study. All participants signed an informed con-
sent form to participate in this study.

2.6.2. Anthropometric and Biochemical Parameters

Assessment of participants included anthropometric measurements (body height
(BH), bodyweight (BW), and waist and hip circumference), dietary methods (Food Fre-
quency Questionnaire (FFQ)), and biochemical methods (determination of glucose, tri-
glycerides, total cholesterol, HDL and LDL cholesterol, oxLDL receptor, and iron in
blood/serum). Anthropometric measurements were performed at baseline to calculate
body mass index (BMI = BW (kg)/BH? (m)), and waist-to-hip ratio (WHR). All necessary
information about the study participants (age, level of education, number of people in the
household, alcohol, medications, dietary supplements, allergy status, frequency of con-
sumption of food prepared outside the home, and level of physical activity) was provided
in the first section of the FFQ. The reference period for data collection was the month pre-
ceding the participation.

Dietary intake was followed using the modified validated FFQ [30]. Foods were di-
vided into nine categories (cereals, fruits, vegetables, dairy products, legumes, fats, nuts
and seeds, sweets, and beverages). A Likert scale was used to determine frequencies and
the following responses were possible: always (every day-5), often (three to five times a
week-4), sometimes (once a week-3), rarely (once or twice a month-2), and never (1).

All biochemical parameters were measured at the beginning of the study in the fast-
ing state, while the oxLDL receptor was also measured 2 h after consumption of cookies,
and after 10 days of the intervention. Glucose, iron, and lipid profile concentrations were
measured with the Abbott Architect c8000 (Abbott Laboratories, Chicago, IL, USA) using
the manufacturer’s original reagents. The oxidized LDL receptor was determined using
an enzyme-linked immunosorbent assay (ELISA) kit for lectin-like oxidized LDL receptor
1 (LOX1) (SEB859Hu 96) (CLOUD-CLONE CORP., Houston, TX, USA) according to the
manufacturer’s instructions. Briefly, the method is a double antibody sandwich ELISA on
wells precoated with a LOX1-specific antibody. After incubation of the standards and
samples with the pre-coated wells, the next step was to add avidin conjugated to horse-
radish peroxidase followed by biotin-conjugated antibodies to each well. When the
3,3'5,5'-Tetramethylbenzidine substrate is added, the color of the wells changes only in the
presence of LOXI. Sulfuric acid stops the reaction. The concentration of LOX1 in the sam-
ples is proportional to the color intensity measured at 450 nm. The detection range of the
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method is 12.5-800 pg/mL. The ELISA was performed manually, with automated washing
steps on the Hydroflex Microplate Washer, and absorbance was measured on Infinite F50
Readers (Tecan Ltd., Mannedorf, Switzerland).

The data collected from the subjects were kept confidential. Moreover, the names of
the subjects were encrypted during the processing of the sample and the analysis of the
results and were known only to the principal investigator. At the end of the study, all
personal data and biological materials were disposed of appropriately. Approval for this
research was granted by the Ethics Committee of the University Hospital Center Sestre
Milosrdnice (251-29-11-21-01-9) and the Ethics Committee of the Faculty of Medicine, Uni-
versity of Zagreb (380-59-10106-21-111/122).

2.7. Data Analysis

Statistical differences between chemical composition, antioxidant level, and starch
digestibility were assessed using one-way analysis of variance (ANOVA) and Tukey’s
multiple comparison tests. Results of the FFQ are expressed as a median with 25th and
75th percentile using a box plot obtained in Statistica 10 (StatSoft, Tulsa, OK, USA). Bio-
chemical data were analyzed using the Mann-Whitney test or Fisher’s exact test and the
Spearman correlation coefficient. The nonparametric paired test (Wilcoxon’s signed-rank
test) was used to compare differences before and after the intervention within the same
group. Xlstat-Pro (win) 7.5.3 GraphPad Prism 8.4.3 was used for statistical analysis
(Addinsoft, New York, NY, USA). A significance level of p < 0.05 was considered in all
statistical analyses.

3. Results and Discussion
3.1. Proximate Composition of Cookies

The nutritional profile of CC, GAP, and GAP with KGAE is shown in Table 1. The
cookies differed slightly in fat, saturated fat, protein, crude fiber, TS, glucose, and mineral
content, suggesting that fruit by-products (grape and aronia pomace) can be successfully
used as a partial substitute for cocoa powder.

In all types of cookies, SDS prevailed over RDS. Lower RDS content and higher SDS
content directly correlate with a lower glycemic response [29,31]. The amount of SDS was
1.3- to 2-fold higher in our cookies compared with the results of Garsetti et al. [31], sug-
gesting that their consumption might lead to longer satiety and that the cookies might
have a medium to low glycemic index.

A significantly higher RDS (19%) was observed in GAP with KGAE than in CC. This
could be due to the spraying of water-based edible film over cookies and the subsequent
drying process. Starch in cookies is only partly gelatinized, but heating in the presence of
water leads to a disruption of the inter- and intramolecular hydrogen bonds between
starch chains, causing the chains to separate and become more available to digestive en-
zymes [32]. In contrast to our results, Diao et al. [33] found that the addition of 3% and 6%
chitosan lowered the digestion rate of waxy maize starch by reducing amylase-driven hy-
drolysis reactions. Here, the chitosan was applied on the cookie surface in the form of an
edible film. Similarly, Bae et al. [34] found that the addition of up to 2% of GA effectively
reduces in vitro starch digestibility by lowering RDS content while increasing the RS con-
tent of Segoami rice noodles. However, since our results showed that cookies containing
GAP with KGAE had the highest RDS, it may be that a thicker layer of edible film must
be used to represent an appropriate choice for lowering the glycemic index of the final
product. In addition to fiber, RS has a positive effect on the natural flora of the gastroin-
testinal tract [35] and was present in all three cookie varieties. In both of our modified
cookies, GAP and GAP with KGAE, the RS content increased, although the difference was
insignificant from CC.
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Table 1. Proximate composition, starch digestibility in vitro, minerals, and antioxidant activity

(FRAP, ABTS and DPPH) of different types of cookies.

Parameter CC GAP Gﬁgx;;h
Total Fat (g/100 g) 18.65+0.17+ 18350162  19.16+0.08"
SFA (g/100 g) 8.2+0.08 2 8.1+0.08 2 8.4+0.04"
MUFA (g/100 g) 6.6 +0.06 2 6.5+0.09 2 6.8+0.03b
PUFA (g/100 g) 340032 33+0.05" 3.4+0.01 2
TS (% dry weight) 30.99+0542  4269+1492  41.96+0.94%
RDS (% dry weight) 1763+14412  18.63+047  21.06+145"
SDS (% dry weight) 214642032  21.40+2.62s  19.02+3.404
RS (% dry weight) 0.88+0432  265+145a 1.88+1.87¢
RAG (% dry weight) 2949+1232  3071+0472 32701822
Free Glucose (% dry weight) 9.89+£0.332 10.01+0.21 2 9.30+£0.322
Protein (g/100 g) 10.1+0.01 4 89+0.16 93+0.01°
Crude fiber (/100 g) 229+0062 22040012 21540052
x:l‘;rj)ls as ash (/100 g dry 2.04+0.18 2 1.99+0.11 2 1.99+0.17 a
Iron (mg/kg) 33+20 35+ 1a 33+20
Calcium (mg/kg) 60+3a 59 +3a 52+2%b
Magnesium (mg/kg) 326+12= 292 +240 239+19¢
Sodium (mg/kg) 4206 + 25 @ 3649+ 31 ° 3376+ 29 ¢
fj:i‘:;;’id (mmol rutinl00g dry 145 000a 013940022 017740020
fii;g“m(’l Trolox/100 g dry 3.02+0.11¢  3.963+0.03b  4.316+021%
ﬁggﬂmc’l Trolox/100 g dry 11470582  13.88+046%  14.58+0.90 ¢
DPPH (mmol Trolox/100 g dry 00740012  0110£0.01%  0.128+0.01¢

weight)

Different letters (a—c) in the same row indicate significant results (p <0.05, Tukey’s test). CC—cocoa
cookies; GAP —cookies with grape and aronia pomace; GAP with KGAE—cookies with grape and
aronia pomace and edible film; SFA —saturated fatty acids; MUFA —monounsaturated fatty acids;
PUFA —polyunsaturated fatty acids; TS—total starch: RDS—readily digested starches; SDS—slowly
digested starches; RS—resistant starches; RAG—rapidly available glucose, FRAP —ferric reducing
antioxidant power; ABTS—2,2'-Azinobis-(3-ethylbenzthiazolin-6-sulfonic acid); DPPH—2,2-diphe-
nyl-1-picrylhydrazyl.

The mineral composition differed between the cookies. The iron content was slightly
higher in GAP than in the other two samples, probably due to the addition of red grape
pomace. According to the literature, iron content in cocoa powder is about 25 mg/100 g
[36]; in dry aronia pomace, it ranges from 7.5 to 8.6 mg/100 g [12]; whereas in red grape
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pomace, it ranges from 117 to 398 mg/100 g of dry weight, depending on the grape variety
[37]. The concentrations of calcium and magnesium were higher in CC (13% and 27% re-
spectively) than in GAP with KGAE, whereas GAP content was in between. This could be
due to the fact that cocoa is naturally abundant in calcium and magnesium, which could
reduce the risk of hypertension and atherosclerosis [36,38]. On the other hand, CC had
also the highest sodium content, which is disadvantageous in the risk of CVD [2,38]. It is
interesting to note that GAP with KGAE was lower in each mineral analyzed than the
GAP sample. It could be due to the presence of GA in edible film, which has been reported
to be effective in the removal of boron [39]. Therefore, future studies should investigate
the effect of edible films on the bioaccessibility of essential minerals in foods.

The flavonoid content was the highest in GAP with KGAE, which was 21% higher
compared with CC. This agrees with the total phenolic content measured in our previous
study [20]. The CC showed the lowest antioxidant potential, which indicated the relevance
of using fruit by-products in cookies. The FRAP antioxidant capacity of aronia pomace is
52.2+ 0.2 mmol TE/100 g on a dry weight basis [40]. In grape pomace, it ranges from 110
to 530 umol TE/g [41]. In comparison, cocoa powders have FRAP antioxidant activity from
110-454 pumol TE/g [42], of which 54% is lost in baking [43]. Foods with higher amounts
of polyphenols (such as anthocyanins, flavonols, and phenolic acids) have a greater ability
to reduce Fe and scavenge both DPPH and ABTS [42]. In this study, GAP with KGAE
showed the highest antioxidant potential in every antioxidant assay, which depending on
the test was 27-73% higher compared to CC, and even 5-9% higher than GAP. Similarly,
Pawltowska et al. [44] found an increased antioxidant activity (36% in ABTS and 83% in
DPPH) in muffins in which cocoa powder was completely replaced with carob powder
(5% at flour basis). We showed an additional benefit of applying an edible film with GSE
as a source of antioxidants since the FFS contained phenolics at a concentration of 0.71 g
GAE/L [20]. Our results agree with the study of Cadiz-Gurrea et al. [45] who showed that
GSE shows a stronger antioxidant capacity and a higher phenolic and flavan-3-ol content
than cocoa.

Due to the highest antioxidant potential and flavonoid content, GAP and KGAE were
further used for the intervention study in comparison with the commercial cookies of sim-
ilar proximate composition.

3.2. Baseline Characteristics

Characteristics and concentrations of biochemical parameters at baseline for the con-
trol and test groups are shown in Table 2 and the results of the FFQ are shown in Figure
1.

The participants in the study had normal BMIL Most of the women, particularly in
the test group, were physically active and consumed dietary supplements and alcohol (p
=(.041). This can be explained by the fact that many women probably exercise and take
supplements to achieve the socially prescribed ideal body image [46]. Most of the bio-
chemical parameters did not differ at baseline. The only statistically significant difference
was observed in the higher concentration of HDL cholesterol in the test group (p = 0.029),
which could be due to their higher consumption of fish and marine products compared
to the control group (Figure 1). However, the concentrations for both groups were within
the reference interval, so this difference was not considered clinically relevant.
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Table 2. Baseline characteristics of the subjects at the beginning of the study (with p value between

the control and test group).

Parameter Total Control Group Test Group p

A di

ge (years) median 36 (23-60) 36 (23-60) 36 (25-46) 0.200 *
(range) (span)
Chronic disease (N/total) 6/25 2/12 4/13 0.645 **
Medicaments (N/total) 7/25 2/12 5/13 0.378 **
Allergies (N/total) 1/25 1/12 0/13 0.480 **
Alcohol consumption

13/2 4/12 1 115 **

(N/total) 3/25 / 9/13 0.115
Physical activity (N/total) 16/25 5/12 11/13 0.041 **
iﬁ;’d supplements (Nto- 10/25 2/12 8/13 0.041 **
BMI (kg/m?) (span) 22.3 (19.6-24.5) 22.1 (19.6-24.9) 22.2 (19.1-24.5)  0.957 *
Waist circumference (cm) 76 (68-86) 77 (74-80) 72 (67-87) 0.869
Hip circumference (cm) 98 (90-105) 101 (87-105) 96 (91-107) 0.717
Waist-to-hip ratio 0.77 (0.74-0.81) 0.77 (0.75-0.80) 0.78 (0.71-0.83)  0.716
Blood glucose (mmol/L) 5.0(4.8-5.3) 5.2(5.0-53) 5.0(4.7-5.2) 0.218*
Cholesterol (mmol/L) 47 (42-52) 4.6(4.0-53) 4.7 (44-5.1) 0.604 *
Cholesterol HDL .
(mmol/L) 1.6 (1.5-1.7) 15(1.4-16) 1.7(1.6-1.7) 0.029
Cholesterol LDL .
(mmol/L) 25(2.3-3.1) 25(21-32) 25(2.3-2.9) 0.849
Triglycerides (mmol/L) 0.8(0.7-1.1) 0.8(0.7-1.3) 0.8 (0.7-1.0) 0.509 *
Iron (Fe) (umol/L) 16 (11-20) 13 (10-17) 18 (11-24) 0.210 *
UIBC (umol/L) 41 (32-52)  40(34-50) 41 (32-53) 0.849 *
TIBC (pmol/L) 57 (53-63)  55(51-61) 63 (53-65) 0.126 *
Fe saturation (%) 27 (19-38) 26 (18-32) 35 (19-39) 0.369 *

* Mann-Whitney test, ** Fisher exact test. BMI—body mass index; UIBC—unsaturated iron-binding capac-
ity; TIBC—total iron binding capacity.

™Y
Cereals

Fruits and vegetables
Fish and marine food
9 Meat
4 Dairy products
3 Hard cheese
Margarine/butter
9l oil
4] Food rich in sterols
Cookies/cakes/milk chocolate

Highly processed food

test

Group

control

Figure 1. Box-Whisker plot of food frequency questionnaire by the control and test group (median
with 25th and 75th percentile (Box value) and non-outlier range (Whisker value); markers ° denote

outliers and * extreme).
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Food-item consumption frequencies are on a 1 to 5 Likert scale (5—every day; 4—
three to five times a week; 3—once a week; 2—one to two times a month; 1—never).

The diet of participants contained items from each food group. The consumption of
biscuits/cake/milk chocolate (including some extremes) was higher while the consump-
tion of fish and marine products was lower in the control group than in the test group.

3.3. Oxidized LDL Receptor

The concentration of oxLDL receptors did not statistically differ between the test or
control group at the beginning or the end of the study (mean 0.41 ng/mL and 0.39 ng/mL,
respectively; p = 0.462) (Table 3).

Table 3. Concentration of oxidized low-density lipoprotein (oxLDL) receptors in control and test
group at the beginning of the study and after intervention.

Control p (Control vs.
Parameter Total Group Test Group Test Group)
LDL receptor (0 h
OxXLDL receptor (0 h) 0.29 (0.18-0.47)0.29 (0.19-0.52)0.29 (0.18-0.47)  0.765 *
(ng/mL)
LDL fter 2 h
oxLDL receptor (after 2h) ) 1) ) 950.48)0.37 (0.24-0.45)0.45 (0.30-0.60)  0.276 *
(ngfmL)
p (0vs.2 h) 0.753 ** 0.917 **
oxLDL receptor (after 10
days) (ng/mL) 0.42 (0.27-0.46)0.43 (0.24-0.45)0.37 (0.27-0.50)  0.744 *
(ng/mL)
p (0 vs. 10 days) 0.583 ** 1.000 **
p (2 hvs. 10 days) 0.480 ** 0.600 **

* Mann-Whitney test; ** Wilcoxonov test.

There was no statistically significant predictor of change in concentration of the ox-
LDL receptors at day 10 in either group (Table 4), which was confirmed by the study re-
sults.

Similar to our results, Pokimica et al. [47] found 100 mL/day of aronia juice (choke-
berry) at a high or low polyphenol dose during the 8-week intervention had no positive
effect on the change in oxLDL levels. A similar randomized, double-blind trial of forty-
four patients who had suffered myocardial infarction found that oxLDL levels in the in-
tervention group decreased significantly by 29% after 6 weeks of oral intake of aronia fla-
vonoid extract [48]. It should be noted that this study was performed on patients after
myocardial infarction who received concomitant statin therapy. In addition, several stud-
ies reported the potential of hydroxytyrosol-enriched biscuits for lowering oxidized LDL
levels in humans [49,50]. Nevertheless, it must be considered that the above studies ob-
served the effect of chokeberry extract or grape pomace only on oxLDL and not on the
oxLDL receptor. Moreover, the putative benefits of increased consumption of polyphenols
have limited bioavailability and the mechanisms by which these compounds may modu-
late lipid metabolism should be further investigated. Here, we can conclude that whole
grain cookies can be safely consumed in moderate amounts without the risk of increasing
oxLDL in healthy women.
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Table 4. Logistic regression analysis of the prediction of the fall in oxidized low-density lipoprotein
(oxLDL) receptor concentration on the 10th day of study.

Control Group Test Group

OR 95% CI p OR  95%CI p
Age 102  092-1.14 0684 085 0.63-1.14 0276
Chronic disease 233 011-50.99 0590 042  0.03-5.71 0512
Medications - - 0.997 0.25 0.02-3.34 0.295
Alcohol 227  055-935 0255 094 027-328 0.922
Physical activity 167  0.15-1888 0680 057 0.03-11.85 0.718
Food supplementation - - 0.998 022  0.02-245 0.219
BMI (kg/m2) 111 073-1.69 0613 076  050-1.17 0212
(Vzrilft circumferences 094  080-1.11 0464 094 0.82-1.07 0316
Hip circumferences(cm) 0.97 0.84-1.10 0.607 0.91 0.77-1.06 0.23
WHR ; - 0.549 - § 0.620

0.36—

Glucose (mmol/L) 0.13 0.00-5.32 0.280 21.35 1950 45 0.141
Cholesterol (mmol/L) 216  059-7.94 0246 244 021-2826 0.476
Cholesterol HDL 1122 0.01-1232925 0499 050  0.00-95.95 0.795
(mmol/L)
Cholesterol LDL 227  050-1033 0287 317 0.26-3837 0.365
(mmol/L)
Triglycerides (mmol/L) 532 0.12-229.97  0.384 0.88  0.03-22.34 0.940
Tron (umol/L) 110 0.87-139 0401 105 0.89-124 0.593
UIBC (umol/L) 086  070-1.05 0139 098  0.88-1.09 0.711
TIBC (umol/L) 0.81 0.61-1.08 0145 099 0.86-1.15 0964
Fe saturation (%) 108 094124 0264 103 094-1.13 0.553

OR—odds ratio; 95% CI—95% confidence interval, BMI—body mass index; WHR —waist-to-hip ratio;
UIBC—unsaturated iron-binding capacity; TIBC —total iron binding capacity.

3.4. Oxidized LDL Receptor and Waist Circumference

In our study, we observed an inverse correlation between waist circumference and
oxLDL receptor concentration in the control group on the 10th day of the study (r =-0.67;
p = 0.034) (Table 5), but not in the test group. A possible reason for this could be a wider
range of waist circumference in the test group.

Sikora et al. [51] conducted a study to investigate the effects of two-month supple-
mentation with aronia extract on angiotensin-converting enzyme activity in patients with
metabolic syndrome. They showed a slight decrease in BMI (30.9 to 30.4 kg/m?; p < 0.001)
and a moderate decrease in waist circumference (95-93.7 cm; p = 0.001) in the obese pop-
ulation compared to the control group, which showed a sharp increase in both parame-
ters. Several other studies investigating the effects of 300-500 mg of aronia extract per day
on overweight/obese patients with metabolic syndrome found no association between ox-
LDL and waist circumference or change in waist circumference alone [52,53]. In our study,
we did not observe a correlation between BMI and oxLDL receptors, which may be be-
cause our participants had normal BMI.
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Table 5. Correlation of concentration of oxidized low-density lipoprotein (oxLDL) receptor with an-
thropometric parameters in control and test group.

oxLDL Receptor (2 h) oxLDL Receptor (10 d)
Parameter Control Group Test Group Control Group Test Group
r* P r* p r* p r* P

Age -025 0443 -043 0.141 0.05 0.880 0.29 0.336
Body mass index 014 0665 -011 0734 -042 0176 048 0.094
(kg/m?)

Waist ci f

(C;I)s CITCHMICIENCE 018 0614 -013 0680 -0.67 0034 031 0336
Hip circumference (cm) -0.34 0334 -025 0429 -031 0390 025 0.436
Waist-to-hip ratio -0.12  0.748 0 0983 -0.60 0.068 0.39 0.216

* Spearman’s rank correlation coefficient. Values in bold indicate statistically significant results.

3.5. Oxidized LDL Receptor and Serum Iron

We observed quite contradictory results regarding the relationship between serum
iron and oxLDL receptor levels (Table 6).

Table 6. Correlation of oxidized low-density lipoprotein (oxLDL) receptor concentration with bio-
chemical parameters in the control and test groups.

oxLDL Receptor (2 h) oxLDL Receptor (10 Days)
Parameters Control Group  Test Group  Control Group  Test Group
r* p r* p r* p r* p

Glucose (mmol/L) -0.15 0.637 052 0.067 -0.33 0294 -0.23 0443

Cholesterol 033 0290 -022 0472 013 0678 -0.03 0921

(mmol/L)
Cholesterol HDL  \h 1197 008 0784 030 0352 022 0473
(mmol/L)
Cholesterol LDL 33 596 _017 0579 019 0554 004  0.886
(mmol/L)
Triglycerides 025 0429 015 0618 021 0518 -0.01 0964
(mmol/L)
Iron (Fe) (umol/L) 025 0434 008 0788 069 0012 -0.62 0.022
UIBC (umol/L) 023 0476 -019 0530 -047 0121 023 0452
TIBC (umol/L) 031 0331 -039 0193 -0.02 0948 -028 0.356

Fe saturation (%) 0.29 0.358 0.04 0.897  0.61 0.037 -0.47 0.105

* Spearman’s rank correlation coefficient. Values in bold indicate statistically significant results.
HDL—high-density lipoprotein; LDL—low-density lipoprotein, UIBC—unsaturated iron-binding capacity;
TIBC—total iron binding capacity.

The oxLDL receptor had a significant direct relationship with serum iron levels (r =
0.69; p=0.012) and iron saturation (r = 0.61; p = 0.037) in the control group and a significant
inverse relationship with serum iron levels (r = -0.62; p = 0.022) and iron saturation (r =
-0.47; p =0.105) in the tested group at day 10. This could be due to the fact that the control
group had a lower serum iron concentration at baseline. Whether this was a coincidence
remains to be determined, but it is known that aronia pomace has an indirect effect on
increasing blood iron levels [54]. Jakovljevic et al. [53] demonstrated that oral supplemen-
tation with aronia extract (0.45 mL/kg/day) for four weeks in combination with different
diets (high fat vs. standard) resulted in a significant increase in serum iron levels in rats
regardless of diet. In contrast to our results, Brouwers et al. [55] found in their study that
serum ferritin concentration and haptoglobin phenotype (Hp) were independently asso-
ciated with circulating oxLDL levels in males. On the other hand, D’Amelio et al. [56]
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showed in their study that the association depends on iron-related genes, especially hap-
toglobin phenotypes. The Hp of the individual has antioxidant properties and determines
the availability of iron to the cells. It could be that the Hp was not uniform in our subjects
and thus contributed to the different results. A recent study that examined the relationship
between iron stress and oxidative damage in patients with metabolic syndrome found a
strong association between serum ferritin and oxLDL levels. In fact, people with elevated
ferritin and oxLDL levels had a higher risk of metabolic syndrome [57]. In addition, there
is evidence that some polyphenols may affect the bioavailability of iron, which in turn
may increase the risk of developing cardiovascular disease, especially in higher-risk pop-
ulations [58].

Our study has some possible limitations. The size of the groups studied was small,
and they were only composed of healthy women. Furthermore, we were not able to mon-
itor the dietary intake of our participants during the intervention, although participants
were instructed not to change their dietary habits and lifestyle significantly. In addition, a
longer intervention period is required.

4. Conclusions

In this study, we investigated the nutritional profile, starch digestibility, and antiox-
idant potential of whole grain cookies with fruit by-products and edible film enriched
with grape seed extract as well as the concentration of oxidized LDL receptors after their
consumption by women. We found that the partial replacement of cocoa powder with
grape and aronia pomace and the use of an edible film did not negatively affect the nutri-
tional profile or starch digestibility of the cookies but contributed to their flavonoid con-
tent and antioxidant potential. Our results showed that moderate cookie consumption
does not increase the concentrations of oxidized LDL receptors in healthy women. Nev-
ertheless, our study provides information about a possible relationship between oxidized
LDL receptor concentration and waist circumference. In addition, our results provide ev-
idence for the potential preventive effect of whole grain cookies on cardiovascular disease
prevention. Further studies with more participants and a longer intervention period need
to be conducted to confirm the efficacy of this potential prevention. The improved antiox-
idant properties of the cookies suggest that fruit by-products and edible films should be
further investigated for potential applications in the development of functional foods.
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