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Abstract: This study compared yogurts containing coffee (cascara and silverskin) and wine-
making (pomace, skin, and seed) byproduct extracts as novel ingredients. For this purpose,
the analysis of the sensory acceptance, basic information on phytochemical profile, and
health-promoting properties of novel yogurt formulations were carried out. The antioxidant
(ORAC, ABTS, DPPH, and intracellular ROS), antidiabetic (x-glucosidase inhibition), and
anti-inflammatory (NO assay) properties of the yogurts depended on the type of byproduct
extract and concentration used. Among the studied formulations, coffee cascara yogurt
showed a high sensory acceptance (6.96), high overall antioxidant capacity (significantly
higher (p < 0.05) values of TPC and antioxidant capacity measured by ORAC, ABTS, and
DPPH than control yogurt), the best antidiabetic properties (inhibition of x-glucosidase
activity of 83%), and a significant (p < 0.05) anti-inflammatory effect used as an ingredient
at a final concentration of 10 mg/mL of food. The antioxidant and antidiabetic properties
of cascara yogurt were also observed after in vitro digestion, which may be ascribed to
unidentified bioactive compounds such as metabolites of phytochemicals and proteins
generated during the physiological process. Overall, we developed a healthy, tasty, and
sustainable coffee cascara yogurt containing antioxidant and antidiabetic compounds,
which may be bioaccessible for their in vivo effects. The cascara yogurt can be consumed by
the general public since the caffeine concentration in the food is within the recommended
range for all population groups and it does not seem bioaccessible after the digestion of
the food.

Keywords: coffee and wine byproducts; dietary fiber; bioaccessibility; novel ingredient;
phytochemicals; yogurt

1. Introduction

The improvement of the nutritional quality of dairy foods has become a key strat-
egy for reducing the risk of developing diet-related non-communicable diseases. Among
dairy products, fermented beverages such as yogurt have received particular attention
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due to their proven nutritional value and beneficial effects on human health. Yogurt is a
widely consumed food that serves as an excellent carrier for functional ingredients due
to its favorable matrix and consumer acceptability [1]. Moreover, yogurt contains live
cultures and essential nutrients, including calcium, vitamin B2, and high-quality protein.
According to the European Food Safety Authority (EFSA), health claims authorized for
yogurts containing specific live cultures (e.g., Lactobacillus delbrueckii subsp. bulgaricus
and Streptococcus thermophilus) include the improvement of lactose digestion. Additionally,
yogurt is recognized as contributing to bone health and the maintenance of normal tooth
and muscle function, due to its calcium content. These attributes make yogurt an ideal
candidate for the development of functional foods aimed at promoting health and prevent-
ing chronic diseases. To further enhance the health-promoting properties of yogurt, the
incorporation of bioactive-rich byproducts from grape and coffee processing has emerged
as a promising strategy, aligning with current trends in functional food development and
circular economy principles.

Coffee and wine are two of the most consumed beverages all over the world. In 2023,
more than 11 and 72 million metric tons of green coffee beans and grapes were produced,
respectively [2]. The conversion of the coffee and grape berries into the popular bever-
ages is responsible for the generation of a large amount of byproducts which represent
an environmental issue. Approximately 90% of the edible parts of the coffee berry are
discarded during its conversion into the coffee beverage [3], whereas wine-making byprod-
ucts account for about 20-30% of the weight of the grape [4]. Therefore, the valorization of
byproducts from the coffee and wine industries is essential to promote the development of
a more sustainable food system.

Coffee fruit cascara, which is the skin and pulp of the coffee cherry, has been authorized
as a novel food for commercialization in the European Union [5]. In April 2021, the dried
coffee cascara, the outer skin and pulp obtained from the wet processing of coffee berries,
from Coffea arabica L. and Coffea canephora Pierre ex A. Froehner was designated a safe
traditional food by the EFSA [6]. The composition of cascara extracts, also called instant
cascara, and its potential to fight key biological events associated with the pathogenesis
of chronic diseases (oxidative stress and inflammation) has been recently documented [7].
This cascara extract was proposed as an ingredient in the development of sustainable
yogurts with health-promoting properties [8,9]. Coffee silverskin (CS), the thin layer
surrounding the coffee bean that detaches during roasting, has attracted growing interest
for its valorization within circular economy approaches. It is currently considered a non-
authorized novel food under European Union legislation, as no evidence of significant
consumption prior to May 1997 is available. Consequently, its use in food products requires
a prior safety evaluation and formal authorization under Regulation (EU) 2015/2283.
Despite this regulatory status, aqueous extracts derived from coffee silverskin have been
characterized and studied for their chemical composition, safety profile, and biological
activity, providing a foundation for future applications [10,11]. Notably, silverskin can
be used in yogurt production to increase the nutraceutical value of the products, and its
bioactive compounds are bioaccessible during the digestion process [12]. These results
support the potential of using aqueous coffee silverskin extract in yogurt formulations.
In Europe, several developed products using coffee husks as an ingredient are already
marketed [13]. Additionally, the use of coffee byproducts as food ingredients for different
types of foods is supported by numerous studies [14-17]. However, further scientific
evidence is required to reinforce their safety at different levels of exposure and to establish
the causal relationships needed to substantiate health claims related to their use as a
functional ingredient.
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Grape pomace, which contains seeds, pulp, and skins, is the main residue derived from
winemaking activities. According to EU regulations, grape seeds, pulp, skins, and other
grape-derived byproducts are considered not novel in food as they have been consumed
to a significant degree before 15 May 1997. Therefore, their use in food products does not
require pre-market authorization according to Regulation (EU) 2015/2283. However, some
specific uses of these byproducts may be subject to further regulatory checks, depending on
the Member State’s legislation. This regulatory status allows for the broader incorporation
of grape pomace in food formulations, including as an ingredient in yogurt, where it can
enhance the product’s functional properties. The use of grape pomace and extracts from
the seeds, skins, and pulp as a functional ingredient in yogurt has been explored in several
studies, showing promise in enhancing antioxidant activity, providing dietary fiber, and
contributing to the management of chronic diseases such as diabetes [18-21].

The aim of the present study was to compare coffee and wine-making byproducts and
to identify the best candidate for the development of sustainable and health-promoting
yogurts focusing on their biological and sensory properties. In this context, we ana-
lyzed the following: (a) the phytochemical profile and antioxidant, antidiabetic, and anti-
inflammatory properties of yogurts containing coffee and wine-making byproducts as novel
food ingredients; (b) the sensory acceptance of the formulated yogurts; and (c) the effect of
the oral gastrointestinal digestion process on the bioaccessibility of health-promoting com-
pounds in a yogurt formulation selected as the best functional food candidate among those
studied in the present research based on their consumer acceptance, bioactive composition,
and health-promoting properties.

2. Materials and Methods

2.1. Byproduct Extracts
2.1.1. Laboratory Prepared Extracts

Coffee cascara and silverskin from Arabica species and Colombian origin were kindly
provided by Supracafé S.A. (Mdstoles, Spain). The coffee cascara was generated during the
obtention of the green coffee beans processed with the wet method. The coffee cascara used
in this study was composed of the outer skin of the coffee berry and pulp. The coffee cascara
was subjected to a sanitation process involving the use of a carbon dioxide atmosphere
(MABA-PEX process). The coffee cascara was certified as safe for consumption by Coffee
Consulting S.L., as no chemical nor biological contaminants were detected in the samples.
The coffee beans were roasted using a PROBAT roaster (Emmerich am Rhein, Germany) for
13 min at 220 °C, and coffee silverskin was generated during this process. The origin, type
of processing, processing steps, and the nutritional and bioactive compound composition
of the coffee byproducts were described previously [7,8,10,11].

Aqueous extracts were produced, as described in the patent WO 2013/004873 Al [22].
Briefly, 50 g of coffee cascara or silverskin were added per water liter. These mixtures were
stirred for 10 min at 100 °C, filtered, and the filtrates were freeze-dried. The powdered
ingredients were stored at room temperature until further use. Extraction yields were 28%
and 14% for coffee cascara and silverskin, respectively [3].

2.1.2. Commercial Extracts

Commercial whole grape pomace, grape seed, and grape skin hydroalcoholic extracts
derived from byproducts of the wine-making process were purchased from Natac (Madrid,
Spain). These extracts were supplied as fine powders that are partially soluble in water.

The bioactive compounds and antioxidant and antidiabetic properties of the coffee
and wine-making byproduct extracts are summarized in Table S1.
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2.2. Food Samples
2.2.1. Yogurt Samples

Six set-type yogurt formulations were prepared: coffee cascara, coffee silverskin, grape
pomace, grape skin, and grape seed yogurts, and a control yogurt without byproduct extract.
Yogurt samples were made using whole UHT cow milk (3.6% fat, 3% protein, and 4.8%
sugar), starter culture YO-MIX 300 (Danisco, Copenhagen, Denmark), and 6% (w/v) inulin
(Orafti®GR, Beneo, Tienen, Belgium). Inulin, a soluble, non-digestible, fermentable fiber,
was added for technological and nutritional purposes to improve the texture properties
of the yogurts and to achieve the dietary reference value (DRV) of 25 g of dietary fiber
established by the European Food Safety Authority (EFSA). Byproduct extracts were
dissolved in water, and the resulting soluble fractions were used as ingredients in the yogurt
formulation, added to the milk at a final concentration of 4 mg/mL (coffee silverskin),
5 mg/mL (wine byproducts), and 10 mg/mL (coffee cascara) (Table 1). The aqueous
extracts of the byproducts were prepared at a concentration 10 times higher than the final
concentration in the yogurt. Yogurt samples were produced by heating the milk up to
45 °C, to inoculate the lyophilized starter culture (45 mg starter culture/L of milk). Then,
inulin (6 g/100 mL) was added. Winery byproduct extracts were dissolved in water and
added at a concentration of 5 mg/mL in the milk. In control yogurts, the corresponding
amount of water was added without extract. The milk was stirred, separated into pots, and
incubated at 45 °C for 5 h, which was the time needed for the yogurts to reach a pH value
of approximately 4.6. The content of polyphenols in the extracts depended on their nature.
These concentrations were determined by a preliminary pilot sensory acceptance test
with 10 volunteers in which yogurts with different byproduct extract concentrations were
analyzed. Coffee and wine-making byproduct extracts presented bioactive compounds
(Section 2.3) with antioxidant capacity determined by the assays described in Section 2.4.1
(Table S1). Yogurt manufacturing was performed in triplicate in three independent sessions
to assure reproducibility of the results.

Table 1. List of ingredients of yogurts formulated with coffee and wine-making byproduct extracts.

Tyve of Yogurt Ingredients * Total Phenolic Content Incorporated
M 8 (%) (mg GAE/100 mL)
Yogurt control Milk (85) + SC + inulin (6) + water (10)
Yogurt coffee cascara Milk (85) + SC + inulin (6) + coffee cascara extract (100 mg/mL) (10) 760.2
Yogurt coffee silverskin Milk (85) + SC + inulin (6) + coffee silverskin extract (40 mg/mL) (10) 151.76
Yogurt grape pomace Milk (85) + SC + inulin (6) + grape pomace extract (50 mg/mL) (10) 1237.55
Yogurt grape skin Milk (85) + SC + inulin (6) + grape skin extract (50 mg/mL) (10) 1589.45
Yogurt grape seed Milk (85) + SC + inulin (6) + grape seed extract (50 mg/mL) (10) 1964.55

SC: Starter culture. * Describes the ingredients in the order in which they were added in the yogurt
production process.

2.2.2. Yogurt Digests

The coffee cascara yogurt was selected due to its sensory, chemical, and health-
promoting properties to evaluate the bioaccessibility of phytochemicals naturally present in
the cascara extract and other food components, which possessed antioxidant, antidiabetic,
and anti-inflammatory potential after in vitro oral gastrointestinal digestion processes. A
yogurt without any extract was used as the control. Cascara and control yogurts were di-
gested in triplicate, mimicking human digestion conditions, as described previously [7,23].

2.2.3. Sample Preparation

Yogurt samples were prepared for further analysis, as described by Marchiani et al.
(2016) [24], on day 1 after yogurt manufacture. Briefly, each sample (10 g) was diluted
in distilled water (10 mL) and filtered in two steps with Whaltman no. 1 paper followed
by a 0.45 um filter (Symta, Madrid, Spain). The filtered extracts were stored at —20 °C.
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Free phytochemicals recovered by sample preparation were analyzed by CZE. In addition,
the health-promoting properties (antioxidant and anti-inflammatory) of the samples were
assessed. Sample preparation for the analysis of x-glucosidase inhibition followed the
same procedure, increasing the yogurt concentration (2.5 g in 10 mL of distilled water).

The resulting yogurt digests from the in vitro oral gastrointestinal digestion process
were freeze-dried. Yogurt digests were diluted in distilled water to 10 mg/mL, filtered
(0.45 pm filter), and their compositions of free phytochemicals and antioxidant, antidiabetic,
and anti-inflammatory compounds were analyzed.

In relation to the byproduct extracts, coffee cascara and silverskin extracts were diluted
in distilled water to a final concentration of 1 mg/mL and filtered with a 0.45 um filter.
Grape pomace, seed, and skin extracts were diluted in a dimethyl sulfoxide/water mixture
(1:10) at a final concentration of 1 mg/mL and filtered with a 0.45 um filter. Coffee and
wine-making samples were stored at —20 °C until further analyses.

2.3. Chemical Characterization of Byproduct Extracts and Yogurts
2.3.1. Total Phenolic Content (TPC)

TPC analysis in extracts and yogurts was carried out by the Folin—Ciocalteu
method [25] adapted to the microplate method. Briefly, 10 uL of each sample extract
or gallic acid standard solution were transferred into the wells of a 96-well microplate.
Then, 150 uL of Folin—Ciocalteu phenol reagent (previously diluted 1:15, v/v, in water)
were added, and the mixture was incubated at room temperature for 3 min. Subsequently,
50 uL of sodium carbonate (NapCOs3) were added to each well, and the plate was incubated
in the dark at 37 °C for 120 min to allow color development. A gallic acid calibration curve
(0.01-1 mg/mL) was used for quantification and the results were expressed as mg GAE/g
sample. Measurements were performed in triplicate.

2.3.2. Total Anthocyanin Content

The total anthocyanin content of the byproduct extracts and yogurts was estimated
using the spectrophotometric pH differential method [26]. To analyze the sample extracts
and cyanidin-3-O-glucoside chloride standard solutions, 10 uL of each were transferred
into the wells of a 96-well microplate. Then, 190 uL of pH 1.0 potassium chloride buffer and
190 uL of pH 4.5 sodium acetate buffer were added separately to prepare the test portions.
After a 15 min incubation, absorbance was measured at both 520 nm and 700 nm. Results
were expressed as mg cyanidin-3-O-glucoside chloride (C3G) equivalents/g sample and all
measurements were performed in triplicate.

2.3.3. Capillary Zone Electrophoresis (CZE)

Yogurt sample preparations (1 g/mL) and byproduct extracts at the concentrations
used in yogurts (10 mg/mL coffee cascara, 4 mg/mL coffee silverskin, and 5 mg/mL grape
pomace, seed, and skins) and digests (50 mg/mL) were subjected to CZE, as described
by del Castillo et al. [27]. Determinations were carried out in an Agilent G1600 A (Santa
Clara, CA, USA) capillary electrophoresis instrument equipped with ChemStation software
(Product number G1601BA) and a diode array detector (DAD). The capillary was 48.5 cm
long (40 cm to the detector) with an internal diameter of 50 um and a x3 bubble cell. Other
conditions of analysis were as follows: 20 mM borate buffer at pH 9.3; voltage, 20 kV;
temperature of analysis, 25 °C temperature; injection, 50 mbar for 5 s; and electroosmotic
flow (EOF) marker, acetone. Electropherograms (e-grams) were monitored at 280 nm,
and spectra were collected from 190 to 600 nm. Bioactive compounds were detected and
quantified by comparison of migration times and UV /VIS spectra using the following as
references: gallic acid, caffeic acid, ferulic acid (FA), chlorogenic acid (CGA), rutin hydrate,
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catechin (CAT), C3G, procyanidin B2, genistein, glycitein, trigonelline hydrochloride,
melatonin, and caffeine (CAF) (Table S2). All analyses were performed in triplicate.

2.4. Health-Promoting Properties of Byproduct Extracts and Yogurts
2.4.1. Antioxidant Properties

The overall antioxidant capacities of the extracts, yogurts, and yogurt digests (control
and cascara) were analyzed using the following methods:
e 1,1-Diphenyl-2-picryl-hydrazyl (DPPH) assay

The DPPH free radical scavenging capacities of extracts and yogurts were evaluated
as according to Brand-Williams, Cuvelier and Berset (1995) [28], adapted to the microplate
method. For the analyses of sample extracts and cyanidin-3-O-glucoside chloride standard
solutions, 10 uL of each were dispensed into the wells of a 96-well microplate. Subsequently,
190 puL of pH 1.0 potassium chloride buffer and 190 pL of pH 4.5 sodium acetate buffer
were added separately to prepare the test solutions. After incubating for 15 min at room
temperature, absorbance was recorded at 520 nm and 700 nm. Trolox was used as a reference
standard (0.25-2.5 mM in ethanol). All measurements were performed in triplicate and
results were expressed as umol TE/g sample.

e  2,2'-azinobis-(3-ethylbenzothiazoline 6-sulfonic acid) (ABTS) assay

The trapping capacity of cationic free radicals was evaluated using the method of
radical ABTS+ bleaching described by Re et al. [29], and modified by Oki et al. [30] for
its use in a microplate. The extract, yogurt, and digest samples (30 pL) were added to
270 uL of ABTS radical. The absorbance of mixture was read at 734 nm using a UV-Visible
Spectrophotometer (BioTek Instruments, Winooski, VT, USA). Aqueous solutions of Trolox
(0.15-2.0 mM) were used for calibration. All measurements were performed in triplicate
and results were expressed as pmol TE/g sample.

e  Oxygen Radical Absorbance Capacity (ORAC) assay

The ORAC assay was applied according to the method of Ou et al. [31], as modified
by Dévalos et al. [32]. The reaction was carried out in 75 mmol/L phosphate buffer
(pH 7.4). The extract, yogurt, and digest samples (20 uL) and fluorescein (120 uL; 70 nM
final concentration) solutions were added. The mixture preincubated for 10 min. Finally,
AAPH solution (60 pL, 12 mM final concentration) was added. The fluorescence was
recorded every 104 min at 37 °C. The excitation and emission filters were 485 and 520,
respectively. All measurements were performed in triplicate and results were expressed as
umol TE/g sample.

e  Physiological intracellular reactive oxygen species (ROS)

Normal rat small intestine epithelial cells (IEC-6) were kindly provided by the Bio-
analytical Techniques Unit (BAT) of the Instituto de Investigacion en Ciencias de la Ali-
mentacién (CIAL) (Madrid, Spain). Cells were cultured as a monolayer in Dulbecco’s Mod-
ified Eagle Medium (DMEM) supplemented with 10% v/v heat-inactivated fetal calf serum
(FBS), 50 U/mL penicillin, and 50 ng/mL streptomycin and 1% v/v L-glutamine, at 37 °C
and in 5% CO; in a humidified incubator (BINDER CB series 2010, Tuttlingen, Germany).

Prior to the study of physiological intracellular ROS, the effect of different concentra-
tions of extracts, yogurts, and yogurt digests (control and cascara) on cell viability was
measured by the MTT assay [33] in order to select non-cytotoxic doses (Tables S4 and
S5). IEC-6 cells were treated with extracts in concentrations present in yogurts (coffee
cascara extract (10, 100, and 1000 pug/mL), coffee silverskin extract (4, 40, and 400 pg/mL)
and wine byproduct extracts (5, 50, and 500 mg/mL)), yogurts (1, 10, and 100 mg/mL),
and yogurt digests (0.01, 0.1, and 1 mg/mL). DMSO (50%) was used as the death control.
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Subsequently, IEC-6 cells were incubated with MTT solution (0.5 mg/mL) at 37 °C for
3 h. After incubation, the supernatant was discarded, and 100 uL of DMSO were added to
dissolve the formazan crystals. The optical density was then measured at 570 nm using a
microplate reader (Epoch 2, BioTek Instruments, Winooski, VT, USA).

The determination of physiological intracellular ROS was performed following the
same procedure used by Iriondo-DeHond et al. [11]. Tert-butyl hydroperoxide (tBOOH)
1 mM was used as a positive oxidation control and vitamin C as an antioxidant control.
Then, a MTT assay was performed to normalize the data by the number of cells per well.
Non-treated control cells produced 100% of physiological ROS. Experiments were carried
out in triplicate.

2.4.2. Antidiabetic Properties

The o-glucosidase inhibition assay was carried out to study the antidiabetic properties
of samples. The x-glucosidase inhibitory capacities of byproduct extracts, yogurts, and
digested yogurts (control and cascara), were analyzed as described previously [18,34,35]. In
a 96-well microplate, 100 pL of sample dissolved in PBS (100 mM, pH 6.9) were mixed with
100 uL «-glucosidase (diluted 1/10) and 100 pL 4-MUG (2 mM). Fluorescence was then
monitored at an excitation wavelength of 360 nm and an emission wavelength of 460 nm
for 30 min at 37 °C. Results were expressed as percentage of a-glucosidase inhibition. All
measurements were performed in triplicate.

2.4.3. Anti-Inflammatory Properties

Mouse macrophages (RAW 264.7) were cultured in the same conditions as intestinal
cells. RAW 264.7 cells were treated with the same concentrations used for intestinal cells
and only non-cytotoxic concentrations were used for the analysis of anti-inflammatory
properties (Tables S3 and S4). Anti-inflammatory properties were studied by measuring
nitric oxide (NO) production in RAW 264.7 cells by inducing inflammation with E. coli
lipopolysaccharide (LPS) [36]. Cells were plated at a density of 80,000 cells per well in a
96-well plate. After 24 h, cells were pre-treated with extracts, yogurts, or yogurt digests in
the same concentrations used for viability assays for 24 h. Then, cells were treated with LPS
(1 pg/mL) and samples for 24 h. After incubation, 100 uL of supernatant or standard curve
(NO, 0-10 pg/mL) were mixed with 100 uL of Griess reagent (1% (w/v) sulfanilamide and
0.1% (w/v) N-1-(naphthyl) ethylenediamine-diHCl in 2.5% (v/v) H3PO4). Absorbance at
550 nm was measured (BioTek Epoch 2 Microplate Spectrophotometer, Winooski, VT, USA)
after a 15 min incubation in the dark and at room temperature. Experiments were carried
out in triplicate.

2.5. Consumer Acceptance Analysis

Consumers (n = 70) were recruited at the Instituto de Investigacién en Ciencias de la
Alimentacién (CIAL) (Madrid, Spain). The test consisted of a hedonic evaluation of the
coffee and wine-making byproduct yogurts and the control yogurt. Yogurt samples (30 mL)
were served at 7 °C using individual plastic containers identified with a random 3-digit
code. Samples were given in blind conditions and were served in completely randomized
order. Consumers were asked to rate the acceptance on appearance, smell, flavor, texture,
and overall acceptance of the samples by using a 9-point hedonic scale (9 = like extremely,
1 = dislike extremely).

2.6. Statistical Analysis

A one-way analysis of variance (ANOVA) followed by Tukey’s test for mean compar-
isons were used to highlight significant differences among samples. All statistical analyses
were performed using IBM SPSS Statistics 24.
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3. Results
3.1. Chemical Characterization of Yogurts

Bioactive compounds present in yogurts were preliminary identified by CZE based
on their spectrum and migration time (Figure 1A) and quantified (Table 2). CAF was
detected in yogurts made with coffee cascara and silverskin extracts. Free FA and CGA
were detected in the original coffee byproduct extracts (Figure 1B, Table S1), but not in the
yogurts. CAF was significantly higher (p < 0.001) in coffee silverskin extract compared
to the coffee cascara extract (Table S1), and was the major phytochemical found in both
samples. The content of CGA was also significantly higher (p < 0.001) in coffee silverskin
extract. FA was only detected in coffee cascara extract.

Anthocyanins were identified in yogurts containing wine-making byproduct extracts.
C3G was identified at 4.6 min in the grape pomace, skin, and seed yogurts. CAT was
identified at 4.7 min in the grape pomace yogurt (Figure 1A) and grape pomace and seed
extracts (Figure 1B). The grape skin extract showed a significantly (p < 0.005) higher content
of C3G than the grape pomace and seed extracts.

Yogurts containing coffee cascara or grape pomace, skin, or seed extracts presented a
significant increase (p < 0.05) in their TPC compared to the control yogurt (Table 2). The
lowest TPC was observed in coffee silverskin yogurt (0.05 & 0.00 mg GAE/g yogurt), which
was in the same range as the control yogurt (p > 0.05).

v
Coffee cascara yogurt CAF Coffee cascara
o (10 mg/mL)
501
401
%
0
CAF
0] CGA  FA
o 7 . 7 N 7 i ‘ : T o
. . ma
Coffee silverskin yogurt Coffee silverskin
60 (4 mg/mL)
50
w0
“ CAF
20
CAF 10 CGA
u A
B 7 7 7 i
v
Grape pomace yogurt Grape pomace
o0l (5 mg/mL)
50
a0
3
2
3G 36
CAT 1o ﬂ CAT
0 =
7 . 7 o min A ] : : o min

Figure 1. Cont.
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mAU

Grape skin yogurt Grape skin
60 (5 mg/mL)
50
w0
o €3G
20°
G
L,JLJM )
| :
2 4 6 8 10 2 4 6 8 10 mi
Grape seed yogurt mAU Grape seed
(5 mg/mL)

C3G C3G
10 J N
0

4 6 8 10 min 0 2 4 6 8 10 min

Figure 1. E-grams recorded at 280 nm showing the identified compounds from (B) coffee and
wine-making byproduct extracts (at the concentrations used in the corresponding yogurts) and
(A) yogurts containing the extracts as food ingredients (1 g/mL). Peak identification: CAF, caffeine;
CGA, chlorogenic acid; FA, ferulic acid; CAT, catechin; C3G, cyanidin-3-O-glucoside chloride.

Table 2. Antioxidant and antidiabetic properties of yogurts formulated with coffee and wine-making
byproduct extracts.

Coffee Byproducts Wine-Making Byproducts
Control Cascara Silverskin Grape Pomace Skin Seed
Chemical characterization
TPC (mg GAE/g yogurt) 0.04£0.01° 0.13£0.02¢ 0.05 £ 0.00® 0.10£0.01 ¢ 0.09 +0.03 b 0.09 +0.02 >
Anthocyanins (C3G eq./g yogurt) n.d. n.d. n.d. n.d. 0.04 £0.01 n.d.
CAF (mg/g) n.d. 0.114+0.03° 0.06 £0.01° n.d. n.d. n.d.
CGA (mg/g) nd. n.d. n.d. n.d. nd. n.d.
FA (mg/g) n.d. nd. n.d. n.d. n.d. n.d.
C3G (mg/g) n.d. n.d. n.d. + + +
CAT (mg/g) n.d. n.d. n.d. + n.d. n.d.
Antioxidant capacity
ORAC (pmol TE/g yogurt) 1.79+0.232 5.03+0.11° 2.82+0.192 6.15+0.36 ¢ 5.24 +1.07b¢ 7.26+1.32¢
ABTS (umol TE/g yogurt) 0.42 £ 0.04° 3.26+£0.13°¢ 1.01 £0.29° 1.63 £0.05° 1.59 +£0.36° 1.67 £0.38°
DPPH (umol TE/ g yogurt) 0.00+0.00° 0.75+0.17¢ 0.22 £0.07® 0.73+0.12¢ 0.47 £0.07° 0.90 £ 0.09
Antidiabetic properties *
«-Glucosidase inhibition (%) 4147 £5.722 82.87 £2.14°¢ 64.54 +4.05° 54.11 +3.96% 63.81 +5.62° 53.10 £5.16 %

* Concentrations for antidiabetic analyses: a-glucosidase inhibition was conducted at 4 g/mL in yogurts con-
taining coffee and wine-making byproducts. Different letters denote statistically significant differences between
formulated yogurts (Tukey test, p < 0.05). + compound detected through migration time and UV /VIS spectra but
not quantified. n.d.: not detected.

3.2. Health-Promoting Properties of Yogurts
3.2.1. Antioxidant Properties

Results from the antioxidant capacity in vitro determinations in yogurts (Table 2),
showed that the addition of 4 mg/mL of coffee silverskin extract did not significantly
increase (p > 0.05) the basal formulation (control yogurt) antioxidant capacity. Yogurts con-
taining coffee cascara or grape pomace, skin, or seed extracts showed a significant increase
(p < 0.01) in their antioxidant capacity compared to the control yogurt, independently from
the method used for their analysis. Regarding the study of intracellular ROS formation
(Table S3), the correct physiological redox status of cells was confirmed, since the oxidation
control (t-BOOH 1 mM) significantly increased (p < 0.05) ROS and the antioxidant standard
(vitamin C 10 ug/mL) significantly reduced (p < 0.05) ROS levels. Coffee and wine-making
byproduct extracts significantly reduced (p < 0.05) physiological intracellular ROS. The
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decrease in physiological intracellular ROS levels was similar (p > 0.05) to that observed
for vitamin C (10 pg/mL, 32.40 £ 12.01% ROS). However, no significant effects (p > 0.05)
were observed when cells were treated with yogurts (1, 10, and 100 mg/mL) compared to
control non-treated cells (Table S3).

3.2.2. Antidiabetic Properties

Yogurts containing coffee byproduct extracts and grape skin extract significantly
inhibited the activity of the enzyme (p < 0.01) compared to the control (Table 2). However,
all coffee and wine-making byproduct extracts inhibited the activity of a-glucosidase
(Table S1). Among the studied formulations, coffee cascara yogurt showed the highest
significant (p < 0.01) inhibition of the activity of a-glucosidase (83%).

3.2.3. Anti-Inflammatory Properties

Yogurts containing coffee cascara and coffee silverskin significantly reduced (p < 0.05)
levels of induced NO (Figure 2A). This effect was also observed when cells were treated
with pure extracts (Figure 2B). No significant changes (p > 0.05) in NO levels were observed
in macrophages treated with yogurts containing wine-making byproduct extracts. However,
grape pomace and grape seed extracts at 50 pg/mL significantly reduced (p < 0.05) the
production of NO.
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LPS (1 pg/ml)
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Figure 2. Anti-inflammatory effects of coffee and wine-making byproduct extracts (A) and yogurts
containing the extracts as food ingredients (B) on nitric oxide (NO) generation in RAW264.7 induced
by LPS (1 pug/mL). Cells were pre-treated with extracts or yogurts for 24 h. Then, macrophages were
treated with samples and LPS for 24 h. Supernatants from treated cells and NO standards were mixed
with Griess reagent (1:1) and absorbance was measured at 550 nm. Data represent means + SD of
three independent experiments. Different letters denote statistically significant differences between
all treatments (Tukey test, p < 0.05).
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3.3. Consumer Analysis of Yogurts

Results from the hedonic test with untrained consumers (1 = 70) are shown in Table 3.
The basal formulation obtained average acceptance scores > 6.8 for all its attributes. The smell
of the grape seed yogurt was significantly lower (p < 0.01) than the control. Coffee silverskin
yogurt showed a significantly lower (p < 0.05) taste score than the rest of the studied yogurts.
No differences were observed in the texture properties between yogurts (p > 0.05). Overall,
the control yogurt and yogurts containing coffee cascara and wine-making byproduct extracts
showed high overall liking values (6.22-7.08) (Figure 3). Only the coffee silverskin yogurt
showed a significantly lower overall acceptance (p < 0.01) than the other formulations. The
acceptance scores of coffee cascara and control yogurts were not significantly different for all
their attributes (p > 0.05).

Table 3. Mean consumer acceptance scores on appearance, smell, taste, and texture of control yogurt
and yogurts formulated with coffee and wine-making byproducts using a nine-point hedonic scale.

Appearance Smell Taste Texture
Control 7.69 +1.26 ¢ 6.824+1.71° 7.38 +£1.44°¢ 7.67 £1.262
Coffee cascara 6.95 + 1.83 ab¢ 6.87 +£1.49° 6.82 + 1.55b¢ 6.82 +1.472
Coffee silverskin 6.59 + 1.60 2P 6.49 +1.622° 4.36 +£2.08% 6.72 4+ 1.812
Grape seed 593 £1.49% 544 £1.25% 6.48 + 1.63b¢ 6.74 £1.43%
Grape skin 7.30 4 1.26 b¢ 5.78 4 1.40 2P 5.89 +1.99°P 6.85 +1.352
Grape pomace 596 £1.34°2 5.96 + 1.31 2P 6.52 + 1.60 ° 7.04+£1437

Data represent means + SD. Different letters in columns denote statistically significant differences between
yogurts (Tukey test, p < 0.05).

Control
8
— 7.08 b
Grape Coffee
Pomace, Cascara
43 6.96 b
Grape 635D Coffee
Skin Silverskin
i .
ppe—
E <
Grape
Seed
—
"“p)

Figure 3. Consumer (1 = 70) overall acceptance of yogurts formulated with coffee byproducts (cascara
and silverskin) and wine-making byproducts (grape pomace, skin, and seed), measured on a nine-
point hedonic scale. Different letters denote statistically significant differences between yogurts
(Tukey test, p < 0.01).
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3.4. In Vitro Oral Gastrointestinal Digestion of Coffee Cascara Yogurt
3.4.1. Bioaccessible Compounds in Cascara Yogurt Digests

The TPC of the digested cascara yogurt was 4.90 & 0.13 mg GAE/g digest, which was
similar (p > 0.05) to the control yogurt’s 4.83 & 0.64 mg GAE/g digest. No free individual
phytochemicals in yogurt digests were found by CZE with UV-VIS detection (Figure 4).

" Control yogurt digest - Coffee cascara yogurt digest

304 30

T T 1 T T T T
4 6 8 min 0 2 4 6 8

Figure 4. E-grams recorded at 280 nm from the digests of the control yogurt and yogurt containing
coffee cascara extract (50 mg/mL).

3.4.2. Antioxidant, Antidiabetic, and Anti-Inflammatory Properties of Bioaccessible
Compounds in Cascara Yogurt Digests

The antioxidant capacities of digests from the control and coffee cascara yogurts analyzed
with the ABTS radical were not significantly different (p > 0.05) (186.43 +9.71 pmol TE/g
digest and 187.04 &+ 17.69 umol TE/g digest, respectively). However, the antiox-
idant capacity measured with the ORAC method was significantly higher in cas-
cara yogurt digests (100.34 4= 12.77 umol TE/g digest) compared to that of the control
(76.04 &= 10.94 umol TE/g digest) (p < 0.05).

Considering the effect of yogurt digests on intracellular ROS levels, concentrations
of 0.01 and 0.1 mg/mL were tested on intestinal cells (Table S5). Control yogurt digests
did not alter the antioxidant status of IEC-6 cells compared to non-treated control cells.
However, a dose of 0.01 mg/mL of the cascara yogurt digest significantly reduced (p < 0.05)
physiological intracellular ROS levels to about 75%.

The antidiabetic properties of the cascara yogurt were observed after the in vitro
digestion process. Coffee cascara yogurt digest significantly (p < 0.001) inhibited the activity
of the x-glucosidase enzyme (20.06 £ 2.81%) compared to the control digest (7.79 % 2.16%).

The two lower concentrations of yogurts (1 and 10 mg/mL) and all the concentra-
tions tested for digests were used for NO determination. However, none of the tested
concentrations were able to reduce NO levels induced by LPS.

4. Discussion

The yogurts developed in the present study showed health-promoting properties
which may be attributed to the presence of phytochemicals derived from the coffee and
wine-making byproduct ingredients (Figure 1). The observed content of bioactive com-
pounds in yogurts containing coffee and wine-making byproduct extracts may be influ-
enced by several factors, including compound degradation during milk fermentation [37],
the food matrix effect, and sample preparation for analysis by CZE with UV /VIS detec-
tion. Bioactive compounds undergo significant changes after ingestion. These changes
affect their bioavailability and potential therapeutic applications. The metabolic pathways
that may be involved in these changes are complex and often produce metabolites with
biological activities different from those of the original compounds. It is very important
to understand these changes in order to draw conclusions about the health benefits of
polyphenol-rich extracts and thus their implications for disease prevention [38].
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There is limited information on the metabolic activity of yogurt starter culture bacte-
ria on phenolic compounds. Some Lactobacillus species, such as L. plantarum, have been
described to metabolize plant-derived phenolic compounds, such as hydroxycinnamic
acids and tannins [39]. Fermentation with Lactobacillus plantarum significantly increased
the content (accessibility) of phenolic compounds in several herbal infusions compared to
non-fermented infusions, with enhanced antioxidant and anti-inflammatory activities [40].
Polyphenols present in yogurts fortified with byproducts from wine-making or coffee could
be altered by fermentation by lactic acid bacteria, leading to their biotransformation. Micro-
bial enzymes (such as tannases, esterases, phenolic acid decarboxylases, and glycosidases)
can hydrolyze complex polyphenols into smaller phenolic compounds that may have al-
tered bioactivity and bioavailability [41-43]. Therefore, further analyses are needed to study
whether the starter culture could have modified the parental phytochemical structures of
the extracts during milk fermentation.

On the other hand, there is evidence of a matrix effect concerning protein—polyphenol
interactions between milk proteins and phytochemicals. An immediate decrease of polyphe-
nol compounds was observed 24 h after adding a strawberry preparation to milk for yogurt
elaboration, with a decrease within a range of 29% to 60% in individual polyphenols [44].
Polyphenols can establish molecular interactions with milk proteins, forming complexes.
The association can alter the conformation of proteins, also modifying their physical and
chemical properties and potentially influencing the stability and bioaccessibility of polyphe-
nols [45,46]. Interaction with milk proteins is important for the antioxidant properties of
polyphenols in milk matrices and also conditions their processing during digestion. Mao
et al. (2024) showed that polyphenols from blackcurrant extracts were preferentially bound
to caseins more than whey proteins, with noncovalent interactions causing secondary struc-
tural changes in the proteins. Additionally, the bioaccessibility and antioxidant activity of
polyphenols were enhanced in the presence of milk proteins in milk-based blackcurrant
samples when compared to polyphenol and protein-alone samples in the in vitro gastric
phase [47].

The observed antioxidant capacity of yogurts containing coffee cascara and wine-
making extracts may be associated with protein—polyphenol complexes, whose formation
has been previously described in other dairy foods fortified with phenol compounds, such
as strawberry yogurt formulations, Greek-style yogurt fortified with cheese whey- spent
coffee ground powder and tea beverages with milk, or milk with chocolate [14,48-50].

The coffee cascara, silverskin, and grape skin yogurts showed significant (p < 0.01)
inhibition of the enzyme «-glucosidase compared to the control. Intestinal o-glucosidases
are key enzymes responsible for carbohydrate digestion and absorption. Their inhibition
has been proven effective in both preventing and treating diabetes by targeting postprandial
hyperglycemia [51]. The antidiabetic properties of yogurts have been less studied. The
inhibition of x-glucosidase activity has been previously measured in yogurts containing
winery byproducts [18], garlic, cinnamon, and other herbs [52-54], but there is no previous
reference of the effect of yogurts containing coffee byproducts on the activity of diabetes’ key
enzymes. The antidiabetic effect of the coffee cascara extract is described in this study for the
first time (Table S1), while that for coffee silverskin extract has been previously reported [55],
and can be associated to the presence of phytochemicals such as CGA and FA [56,57]. Since
these compounds were detected in the corresponding extract and not quantified in the
coffee cascara and silverskin yogurts (Figure 1), its antidiabetic properties may be associated
to their derivatives (metabolites) or other unknown compounds. Similarly, the antidiabetic
properties of the grape skin yogurt may be attributed to C3G and other unidentified
compounds [19,38,58,59].
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In relation to their anti-inflammatory properties, coffee cascara and silverskin extracts
at 10 mg/mL reduced LPS-induced inflammation (Figure 2). A recent study concerning the
anti-inflammatory properties of coffee skin/pulp obtained from semi-dry processing [60]
showed that coffee pulp was capable of inhibiting the release of the pro-inflammatory
cytokine IL-8 in gastric epithelial cells when inflammation was induced by TNF-« [60].
CAF, a compound detected in yogurts containing coffee byproduct extracts (Figure 2),
showed anti-inflammatory properties by reducing NO levels in LPS-induced RAW 264.7
cells, the same model used in our study [7,61,62]. Therefore, CAF may be one of the
contributors to the overall anti-inflammatory effect observed in the novel foods.

Anti-inflammatory effects were observed for yogurts containing two wine-making
byproducts. Grape pomace and seed extracts in concentrations of 50 png/mL significantly
reduced (p < 0.05) NO levels by 43% and 79%, respectively. The anti-inflammatory proper-
ties of grape pomace and seed extracts have been previously described in macrophages
and in other cell lines [63-65]. The absence of anti-inflammatory properties in yogurts may
be due to a possible matrix effect between wine-making byproducts and other components
present in yogurts, and the degradation of phytochemicals during food fermentation and
sample preparation, resulting in ineffective concentrations.

The ultimate challenge in functional foods is the development of food products that
provide health-promoting properties beyond basic nutrition without compromising their
organoleptic properties. Our results showed that all formulated yogurts achieved high
overall acceptance scores except for the coffee silverskin yogurt, which would need to be
reformulated to improve its taste. On the other hand, acceptance scores of the coffee cascara
yogurt were among the highest for each sensory attribute evaluated (Table 3).

Coffee cascara is a highly demanded ingredient by the industry for its popularity in
America and Europe. The health-promoting properties and high acceptance obtained for
the coffee cascara yogurt support its potential as a functional food. Therefore, this food
was selected for a bioaccessibility study.

The antioxidant capacity of the control yogurt increased after in vitro digestion, which
may be due to further release of antioxidant peptides and amino acids encrypted in the
milk proteins [66]. The antioxidant capacity of the coffee cascara yogurt increased by 93%
after in vitro digestion. This increase in antioxidant capacity after in vitro digestion has also
been observed in yogurts containing cinnamon, strawberry, and peach polyphenols [44,67],
and has been attributed to the release of polyphenols from the protein/polysaccharide yo-
gurt matrix. Gastrointestinal digestion could increase the antioxidant capacity of phenolic
compounds by changing their molecular weight and chemical structure under simulated
conditions [33,34]. The inhibition of the activity of x-glucosidase was significantly higher
(p < 0.001) in coffee cascara yogurt digests than in the digested control yogurt. However,
none of the free parental phytochemicals present in the coffee cascara extract were detected
in the cascara yogurt or in its digest. These compounds may have been modified during the
technological yogurt process, the in vitro oral gastrointestinal process, or the sample prepa-
ration. Further studies are needed to achieve a complete identification of the contributors
to the health-promoting properties of the cascara yogurt and its digests.

In addition, the antidiabetic effect observed in the yogurts could be potentially en-
hanced by the presence of inulin in the formulation. Inulin is a soluble dietary fiber that has
been recognized for its beneficial effects on postprandial glucose modulation and improved
insulin sensitivity. According to Commission Regulation (EU) No 432/2012, inulin and
fructooligosaccharides (FOSs) may contribute to the maintenance of normal bowel function
by increasing stool frequency, and in some cases, may help reduce the postprandial blood
glucose response [68]. These properties have been associated with delayed carbohydrate
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digestion and improved glycemic profiles, which may synergize with the bioactive extracts
used in this study.

From a sensory perspective, inulin also plays a key role. Its inclusion in fermented
dairy products not only improves texture by providing creaminess akin to fat, but can also
reduce astringency from certain polyphenols [69,70]. These effects may have contributed to
the high sensory acceptance observed for the coffee cascara yogurt.

It is also important to consider that the phenolic compound content and nature of
the byproduct extracts incorporated into the yogurt formulations differed substantially
(Table 1). For instance, grape seed and skin extracts presented the highest total phenolic con-
tent (TPC), whereas coffee silverskin showed the lowest TPC among all formulations. These
differences may be attributed to the intrinsic polyphenol composition of the raw materials,
as well as the extract concentration used, which was adjusted according to sensory accep-
tance during preliminary trials. Consequently, the observed biological activities—especially
antioxidant and antidiabetic properties—may reflect not only the bioactivity of specific
compounds, but also the dose applied and the physicochemical compatibility of the phe-
nolics with the yogurt matrix. Additionally, the total phenolic compounds during in vitro
digestion could have increased due to the action of digestive enzymes making them more
accessible and detectable. Additionally, this could cause a deprotonation of the hydroxyl
groups present on the aromatic rings of the phenolic compounds [12].

Future studies should aim to standardize phenolic inputs across formulations or nor-
malize biological activities per mg of phenolics to better compare extract efficacy. Moreover,
identifying the dominant phenolic structures in each extract (e.g., chlorogenic acids in
coffee cascara vs. proanthocyanidins in grape seed) would support a structure-function
understanding of their roles in health promotion. Biologically active compounds recov-
ered from wine-making byproducts include hydroxybenzoic acids (p-hydroxybenzoic acid,
pro-tocatechuic acid, tannic acid, vanillic acid, gallic acid derivatives, and syringic acid),
flavanols (catequin), flavonols, anthocyanins, and stilbenes (resveratrol) [58,59]. Grape
pomace is a rich source of polyphenols, bioactive compounds with recognized antioxidant
and anti-inflammatory properties [38].

Studies using in vitro digestion models have shown that caffeine from coffee byprod-
ucts remains largely unchanged during simulated gastrointestinal processes. This means
that the initial amount of caffeine present in the coffee pulp remains relatively constant
throughout the oral, gastric, and intestinal phases of digestion [71,72].

In relation to the cascara yogurt safety due to CAF intake, a portion of 125 g would
have 13.75 mg of CAF, which is far below the European safety threshold of 400 mg per day
for the healthy adult population and 200 mg per day for pregnant woman and children [73].
In comparison to some of the most popular caffeinated beverages, the CAF content of the
formulated yogurts was lower than a 250 mL cup of coffee (66.88 mg of CAF), a 33 cl can
of cola soda (31.05 mg of CAF), or a 250 mL cup of green tea (30.13 mg of CAF) [74]. In
addition, CAF was not detected in the cascara yogurt digest, suggesting that this molecule
is not bioaccessible for its absorption and in vivo metabolism. Therefore, the coffee cascara
yogurt may be consumed by the general population.

5. Conclusions

The present study supported the feasibility of the application of coffee and wine-
making byproducts as health-promoting ingredients in yogurts. The coffee cascara yogurt
was selected for its health-promoting properties, high overall liking, and regulatory status,
and can be considered the best potential functional food candidate among those studied in
the present investigation. This food product can be consumed by all population groups.
Future studies are necessary to gain insight on the identification of the main contributors to
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the observed health-promoting properties of the newly formulated yogurts. However, the
results suggest the phytochemicals of the byproducts and their metabolites/derivatives may
play a role regarding their biological properties. In addition, the results seem to indicate
that, although the chemical composition of the yogurts changed during food processing and
digestion, their antidiabetic and antioxidant properties remained after the technological and
physiological processes, while coffee cascara anti-inflammatory compounds also remained
after the technological process.

Supplementary Materials: The following supporting information can be downloaded at https:
/ /www.mdpi.com/article/10.3390/fermentation11050291/s1, Table S1. Composition and in vitro
bioactivity of coffee and wine-making byproduct extracts; Table S2. Characteristics of standards
analyzed by CZE at 280 nm; Table S3. Effect of 24 h treatment with noted concentrations of yogurts
and extracts on intracellular ROS generation in IEC-6 cells determined by the DCFH-DA probe.
Oxidative damage was induced by t-BOOH (1 mM) and vitamin C (10 pg/mL) was used as an
antioxidant control; Table S4. Effect of 24 h (for IEC-6 cells) and 48 h (RAW 264.7 cells) treatments with
noted concentrations of yogurts and extracts determined by the MTT assay. Extract concentrations
corresponded to the amount of extract in each yogurt. Control, non-treated cells. DMSO (50%) was
used as a death control; Table S5. Effect of 24 h (for IEC-6 cells) and 48 h (RAW 264.7 cells) treatments
with noted concentrations of yogurt digests on cell viability determined by the MTT assay. Control,
non-treated cells. DMSO (50%) was used as a death control.

Author Contributions: M.L-D. contributed to data curation, formal analysis, funding acquisition,
investigation, and writing the original draft. A.I.-D. and T.H. contributed to data curation, formal
analysis, and writing—review and editing. E.M. contributed to the investigation, supervision, funding
acquisition, and writing—review and editing. M.D.d.C. contributed to conceptualization, formal
analysis, funding acquisition, investigation, project administration, supervision, and writing—review
and editing. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the following projects: New insights to support health
claims and consumer acceptance of sustainable foods” (202470E207, CSIC), and Aprovechamiento de
subproductos de la industria agroalimentaria (sandia y mel6n) para reducir el coste de alimentacién
animal y/o mejorar el perfil lipidico y las propiedades funcionales de quesos y otros productos
lacteos de oveja y de cabra de la Comunidad de Madrid (FP2024-LACTEOSBYPRODUCTS).

Institutional Review Board Statement: The participation of the consumers was voluntary. Sen-
sory evaluations were performed in different sessions. For scientific research matters, the regional
government and therefore our institution follow the Spanish Law 14/2011 on Science, Technology
and Innovation.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data are contained within the article. A preprint of this arti-
cle appears in the thesis document of Maite Iriondo de Hond, available on https://repositorio.
uam.es/handle/10486/688893, according to the Spanish legislation regulating doctoral studies,
accessed on 25 February 2025.

Acknowledgments: The authors thank SUPRACAFE for kindly providing the coffee byproducts and
Beneo for kindly providing inulin Orafti®GR.

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

References

1.

Ahmad, I.; Hao, M,; Li, Y.; Zhang, ].; Ding, Y.; Lyu, F. Fortification of Yogurt with Bioactive Functional Foods and Ingredients and
Associated Challenges—A Review. Trends Food Sci. Technol. 2022, 129, 558-580. [CrossRef]

Food and Agriculture Organization of the United Nations: FAOSTAT. Available online: http://www.fao.org/faostat (accessed on
25 February 2025).


https://www.mdpi.com/article/10.3390/fermentation11050291/s1
https://www.mdpi.com/article/10.3390/fermentation11050291/s1
https://repositorio.uam.es/handle/10486/688893
https://repositorio.uam.es/handle/10486/688893
https://doi.org/10.1016/j.tifs.2022.11.003
http://www.fao.org/faostat

Fermentation 2025, 11, 291 17 of 20

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Iriondo-DeHond, A.; Aparicio Garcia, N.; Fernandez-Gomez, B.; Guisantes-Batan, E.; Veldzquez Escobar, F.; Blanch, G.P,; San
Andres, M.I; Sanchez-Fortun, S.; del Castillo, M.D. Validation of Coffee By-Products as Novel Food Ingredients. Innov. Food Sci.
Emerg. Technol. 2019, 51, 194-204. [CrossRef]

Dwyer, K.; Hosseinian, F.; Rod, M. The Market Potential of Grape Waste Alternatives. J. Food Res. 2014, 3, 91. [CrossRef]
European Commission. Commission Implementing Regulation (EU) 2022/47 of 13 January 2022 Authorising the Placing on
the Market of Coffea arabica L. and/or Coffea canephora Pierre Ex A. Froehner Dried Cherry Pulp and Its Infusion as a Traditional
Food from a Third Country under Regulation (EU) 2015/2283 of the European Parliament and of the Council and Amending
Commission Implementing Regulation (EU) 2017/2470. Off. J. Eur. Union 2022, 9, 29-32.

EFSA Technical Report on the Notification of Dried Cherry Pulp from Coffea arabica L. and Coffea canephora Pierre Ex A. Froehner as
a Traditional Food from a Third Country Pursuant to Article 14 of Regulation (EU) 2015/2283. EFSA Support. Publ. 2021, 18, 6808E.
[CrossRef]

Loépez-Parra, M.B.; Gémez-Dominguez, I.; Iriondo-DeHond, M.; Villamediana Merino, E.; Sdnchez-Martin, V.; Mendiola, J.A;
Iriondo-DeHond, A.; del Castillo, M.D. The Impact of the Drying Process on the Antioxidant and Anti-Inflammatory Potential of
Dried Ripe Coffee Cherry Pulp Soluble Powder. Foods 2024, 13, 1114. [CrossRef]

Iriondo-DeHond, A.; Iriondo-DeHond, M.; del Castillo, M.D. Applications of Compounds from Coffee Processing By-Products.
Biomolecules 2020, 10, 1219. [CrossRef]

Iriondo-DeHond, M.; Iriondo-DeHond, A.; Herrera, T.; Ferndndez-Fernandez, A.M.; Sorzano, C.O.S.; Miguel, E.; del Castillo,
M.D. Sensory Acceptance, Appetite Control and Gastrointestinal Tolerance of Yogurts Containing Coffee-Cascara Extract and
Inulin. Nutrients 2020, 12, 627. [CrossRef]

Iriondo-DeHond, A.; Rios, M.B.; Herrera, T.; Rodriguez-Bertos, A.; Nufiez, F.; San Andres, M.I; Sanchez-Fortun, S.; del Castillo,
M.D. Coffee Silverskin Extract: Nutritional Value, Safety and Effect on Key Biological Functions. Nutrients 2019, 11, 2693.
[CrossRef]

Iriondo-DeHond, A.; Haza, A.L; Avalos, A.; del Castillo, M.D.; Morales, P. Validation of Coffee Silverskin Extract as a Food
Ingredient by the Analysis of Cytotoxicity and Genotoxicity. Food Res. Int. 2017, 100, 791-797. [CrossRef]

Bertolino, M.; Barbosa-Pereira, L.; Ghirardello, D.; Botta, C.; Rolle, L.; Guglielmetti, A.; Borotto Dalla Vecchia, S.; Zeppa, G. Coffee
Silverskin as Nutraceutical Ingredient in Yogurt: Its Effect on Functional Properties and Its Bioaccessibility. J. Sci. Food Agric. 2019,
99, 4267-4275. [CrossRef] [PubMed]

Mugzaifa, M.; Rahmi, F. Syarifudin Utilization of Coffee By-Products as Profitable Foods—A Mini Review. IOP Conf. Ser. Earth
Environ. Sci. 2021, 672, 012077. [CrossRef]

Osorio-Arias, ].; Pérez-Martinez, A.; Vega-Castro, O.; Martinez-Monteagudo, S.I. Rheological, Texture, Structural, and Functional
Properties of Greek-Style Yogurt Fortified with Cheese Whey-Spent Coffee Ground Powder. LWT 2020, 129, 109523. [CrossRef]
Chomphoosee, T.; Seesuriyachan, P.; Wattanutchariya, W.; Tipbunjong, C.; Therdtatha, P.; Techapun, C.; Insomphun, C.; Panti, N.;
Moukamnerd, C. A Novel Beverage of Coffee Cherry (Cascara) Water Kefir Rich in Antioxidants, Bioactive Compounds, and
Exhibiting Promising Antibacterial and Sensory Qualities. LWT 2025, 219, 117539. [CrossRef]

Arya, S.S.; Venkatram, R.; More, P. The Wastes of Coffee Bean Processing for Utilization in Food: A Review. J. Food Sci. Technol.
2022, 59, 429-444. [CrossRef]

Hu, S.; Gil-Ramirez, A.; Martin-Trueba, M.; Benitez, V.; Aguilera-Gutiérrez, Y.; Martin-Cabrejas, M. A. Valorization of Coffee Pulp
as Bioactive Food Ingredient by Sustainable Extraction Methodologies. Curr. Res. Food Sci. 2023, 6, 100475. [CrossRef]
Iriondo-DeHond, M.; Bladzquez-Duff, ].M.; del Castillo, M.D.; Miguel, E. Nutritional Quality, Sensory Analysis and Shelf Life
Stability of Yogurts Containing Inulin-Type Fructans and Winery Byproducts for Sustainable Health. Foods 2020, 9, 1199.
[CrossRef]

Ferrer-Gallego, R.; Silva, P. The Wine Industry By-Products: Applications for Food Industry and Health Benefits. Antioxidants
2022, 11, 2025. [CrossRef]

Almanza-Oliveros, A.; Bautista-Hernandez, I1.; Castro-Lépez, C.; Aguilar-Zarate, P.; Meza-Carranco, Z.; Rojas, R.; Michel, M.R,;
Martinez-Avila, G.C.G. Grape Pomace—Advances in Its Bioactivity, Health Benefits, and Food Applications. Foods 2024, 13, 580.
[CrossRef]

Kuré¢ubi¢, V.S.; Stanisi¢, N.; Staji¢, S.B.; Dmitri¢, M.; Zivkovié, S.; Kurc¢ubi¢, L.V,; Zivkovié, V; Jakovljevi¢, V.; Maskovi¢, PZ,;
Maskovi¢, J. Valorizing Grape Pomace: A Review of Applications, Nutritional Benefits, and Potential in Functional Food
Development. Foods 2024, 13, 4169. [CrossRef]

Castillo Bilbao, M.D.; Ibafiez Ezequiel, M.E.; Amigo Benavent, M.; Herrero Calleja, M.; Plaza, M.; Ullate, M. Application of
Products of Coffee Silverskin in Anti-Ageing Cosmetics and Functional Food. W02013/004873, 10 January 2013.

Hollebeeck, S.; Borlon, E; Schneider, Y.-J.; Larondelle, Y.; Rogez, H. Development of a Standardised Human in Vitro Digestion
Protocol Based on Macronutrient Digestion Using Response Surface Methodology. Food Chem. 2013, 138, 1936-1944. [CrossRef]
[PubMed]


https://doi.org/10.1016/j.ifset.2018.06.010
https://doi.org/10.5539/jfr.v3n2p91
https://doi.org/10.2903/sp.efsa.2021.EN-6808
https://doi.org/10.3390/foods13071114
https://doi.org/10.3390/biom10091219
https://doi.org/10.3390/nu12030627
https://doi.org/10.3390/nu11112693
https://doi.org/10.1016/j.foodres.2017.08.012
https://doi.org/10.1002/jsfa.9659
https://www.ncbi.nlm.nih.gov/pubmed/30816557
https://doi.org/10.1088/1755-1315/672/1/012077
https://doi.org/10.1016/j.lwt.2020.109523
https://doi.org/10.1016/j.lwt.2025.117539
https://doi.org/10.1007/s13197-021-05032-5
https://doi.org/10.1016/j.crfs.2023.100475
https://doi.org/10.3390/foods9091199
https://doi.org/10.3390/antiox11102025
https://doi.org/10.3390/foods13040580
https://doi.org/10.3390/foods13244169
https://doi.org/10.1016/j.foodchem.2012.11.041
https://www.ncbi.nlm.nih.gov/pubmed/23411328

Fermentation 2025, 11, 291 18 of 20

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Marchiani, R.; Bertolino, M.; Belviso, S.; Giordano, M.; Ghirardello, D.; Torri, L.; Piochi, M.; Zeppa, G. Yogurt Enrichment with
Grape Pomace: Effect of Grape Cultivar on Physicochemical, Microbiological and Sensory Properties. J. Food Qual. 2016, 39, 77-89.
[CrossRef]

Singleton, V.L.; Rossi, ].A. Colorimetry of Total Phenolics with Phosphomolybdic-Phosphotungstic Acid Reagents. Am. . Enol.
Vitic. 1965, 16, 144-158. [CrossRef]

Giusti, M.M.; Wrolstad, R.E. Characterization and Measurement of Anthocyanins by UV-Visible Spectroscopy. Curr. Protoc. Food
Anal. Chem. 2001, F1.2.1-F1.2.13. [CrossRef]

Del Castillo, M.D.; Ames, ].M.; Gordon, M.H. Effect of Roasting on the Antioxidant Activity of Coffee Brews. J. Agric. Food Chem.
2002, 50, 3698-3703. [CrossRef]

Brand-Williams, W.; Cuvelier, M.E.; Berset, C. Use of a Free Radical Method to Evaluate Antioxidant Activity. LWT—Food Sci.
Technol. 1995, 28, 25-30. [CrossRef]

Re, R.; Pellegrini, N.; Proteggente, A.; Pannala, A.; Yang, M.; Rice-Evans, C. Antioxidant Activity Applying an Improved ABTS
Radical Cation Decolorization Assay. Free Radic. Biol. Med. 1999, 26, 1231-1237. [CrossRef]

OKi, T.; Nagai, S.; Yoshinaga, M.; Nishiba, Y.; Suda, I. Contribution of B-Carotene to Radical Scavenging Capacity Varies among
Orange-Fleshed Sweet Potato Cultivars. Food Sci. Technol. Res. 2006, 12, 156-160. [CrossRef]

Ou, B.; Hampsch-woodill, M.; Prior, R.L.; Laboratories, B.; Lane, T. Development and Validation of an Improved Oxygen Radical
Absorbance Capacity Assay Using Fluorescein as the Fluorescent Probe. J. Agric. Food Chem. 2001, 49, 4619—4626. [CrossRef]
Davalos, A.; Bartolomé, B.; Gémez-Cordovés, C. Antioxidant Properties of Commercial Grape Juices and Vinegars. Food Chem.
2005, 93, 325-330. [CrossRef]

Bakondi, E. Role of Intracellular Calcium Mobilization and Cell-Density- Dependent Signaling in Oxidative-Stress-Induced
Cytotoxicity in HaCaT Keratinocytes. J. Investig. Dermatol. 2003, 121, 88-95. [CrossRef] [PubMed]

Berthelot, K.; Delmotte, FEM. Purification and Characterization of an Alpha-Glucosidase from Rhizobium Sp. (Robinia pseudoacacia
L.) Strain USDA 4280. Appl. Environ. Microbiol. 1999, 65, 2907-2911. [CrossRef]

Geddes, R.; Taylor, J.A. Lysosomal Glycogen Storage Induced by Acarbose, a 1,4-Alpha-Glucosidase Inhibitor. Biochem. . 1985,
228,319-324. [CrossRef]

Benayad, Z.; Martinez-Villaluenga, C.; Frias, J.; Gomez-Cordoves, C.; Es-Safi, N.E. Phenolic Composition, Antioxidant and
Anti-Inflammatory Activities of Extracts from Moroccan Opuntia Ficus-Indica Flowers Obtained by Different Extraction Methods.
Ind. Crops Prod. 2014, 62, 412-420. [CrossRef]

Helal, A.; Cattivelli, A.; Conte, A.; Tagliazucchi, D. In Vitro Bioaccessibility and Antioxidant Activity of Phenolic Compounds in
Coffee-Fortified Yogurt. Molecules 2022, 27, 6843. [CrossRef]

Karastergiou, A.; Gancel, A.-L.; Jourdes, M.; Teissedre, P.-L. Valorization of Grape Pomace: A Review of Phenolic Composition,
Bioactivity, and Therapeutic Potential. Antioxidants 2024, 13, 1131. [CrossRef]

Rodriguez, H.; Curiel, ].A.; Landete, ].M.; de las Rivas, B.; de Felipe, F.L.; Gémez-Cordovés, C.; Manchefio, ].M.; Muiioz, R. Food
Phenolics and Lactic Acid Bacteria. Int. J. Food Microbiol. 2009, 132, 79-90. [CrossRef]

Ozturk, T.; Avila-Galvez, M.A.; Mercier, S.; Vallejo, F,; Bred, A.; Fraisse, D.; Morand, C.; Pelvan, E.; Monfoulet, L.-E.; Gonzélez-
Sarrfas, A. Impact of Lactic Acid Bacteria Fermentation on (Poly)Phenolic Profile and In Vitro Antioxidant and Anti-Inflammatory
Properties of Herbal Infusions. Antioxidants 2024, 13, 562. [CrossRef]

Rodriguez-Daza, M.C.; Pulido-Mateos, E.C.; Lupien-Meilleur, J.; Guyonnet, D.; Desjardins, Y.; Roy, D. Polyphenol-Mediated Gut
Microbiota Modulation: Toward Prebiotics and Further. Front. Nutr. 2021, 8, 9456. [CrossRef]

Gaur, G.; Ginzle, M.G. Conversion of (Poly)Phenolic Compounds in Food Fermentations by Lactic Acid Bacteria: Novel Insights
into Metabolic Pathways and Functional Metabolites. Curr. Res. Food Sci. 2023, 6, 100448. [CrossRef]

Yang, E; Chen, C.; Ni, D.; Yang, Y,; Tian, J.; Li, Y.; Chen, S.; Ye, X.; Wang, L. Effects of Fermentation on Bioactivity and the
Composition of Polyphenols Contained in Polyphenol-Rich Foods: A Review. Foods 2023, 12, 3315. [CrossRef] [PubMed]
Oliveira, A.; Pintado, M. Stability of Polyphenols and Carotenoids in Strawberry and Peach Yoghurt throughout in Vitro
Gastrointestinal Digestion. Food Funct. 2015, 6, 1611-1619. [CrossRef] [PubMed]

Tosif, M.M.; Najda, A.; Bains, A.; Krishna, T.C.; Chawla, P.; Dyduch-Siemiriska, M.; Klepacka, ]J.; Kaushik, R. A Comprehensive
Review on the Interaction of Milk Protein Concentrates with Plant-Based Polyphenolics. Int. J. Mol. Sci. 2021, 22, 13548. [CrossRef]
van de Langerijt, T.M.; O’'Mahony, ].A.; Crowley, S.V. Structural, Binding and Functional Properties of Milk Protein-Polyphenol
Systems: A Review. Molecules 2023, 28, 2288. [CrossRef]

Mao, T.; Akshit, F; Matiwalage, I.; Sasidharan, S.; Alvarez, C.M.; Wescombe, P.; Mohan, M.S. Preferential Binding of Polyphenols
in Blackcurrant Extracts with Milk Proteins and the Effects on the Bioaccessibility and Antioxidant Activity of Polyphenols. Foods
2024, 13, 515. [CrossRef]

Dubeau, S.; Samson, G.; Tajmir-Riahi, H.-A. Dual Effect of Milk on the Antioxidant Capacity of Green, Darjeeling, and English
Breakfast Teas. Food Chem. 2010, 122, 539-545. [CrossRef]


https://doi.org/10.1111/jfq.12181
https://doi.org/10.5344/ajev.1965.16.3.144
https://doi.org/10.1002/0471142913.faf0102s00
https://doi.org/10.1021/jf011702q
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0891-5849(98)00315-3
https://doi.org/10.3136/fstr.12.156
https://doi.org/10.1021/jf010586o
https://doi.org/10.1016/j.foodchem.2004.09.030
https://doi.org/10.1046/j.1523-1747.2003.12329.x
https://www.ncbi.nlm.nih.gov/pubmed/12839568
https://doi.org/10.1128/AEM.65.7.2907-2911.1999
https://doi.org/10.1042/bj2280319
https://doi.org/10.1016/j.indcrop.2014.08.046
https://doi.org/10.3390/molecules27206843
https://doi.org/10.3390/antiox13091131
https://doi.org/10.1016/j.ijfoodmicro.2009.03.025
https://doi.org/10.3390/antiox13050562
https://doi.org/10.3389/fnut.2021.689456
https://doi.org/10.1016/j.crfs.2023.100448
https://doi.org/10.3390/foods12173315
https://www.ncbi.nlm.nih.gov/pubmed/37685247
https://doi.org/10.1039/C5FO00198F
https://www.ncbi.nlm.nih.gov/pubmed/25882006
https://doi.org/10.3390/ijms222413548
https://doi.org/10.3390/molecules28052288
https://doi.org/10.3390/foods13040515
https://doi.org/10.1016/j.foodchem.2010.03.005

Fermentation 2025, 11, 291 19 of 20

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Oliveira, A.; Alexandre, EM.C.; Coelho, M.; Lopes, C.; Almeida, D.P.E; Pintado, M. Incorporation of Strawberries Preparation in
Yoghurt: Impact on Phytochemicals and Milk Proteins. Food Chem. 2015, 171, 370-378. [CrossRef]

Belscak, A.; Komes, D.; HorZi¢, D.; Gani¢, K. K.; Karlovi¢, D. Comparative Study of Commercially Available Cocoa Products in
Terms of Their Bioactive Composition. Food Res. Int. 2009, 42, 707-716. [CrossRef]

Zhang, L.; Hogan, S.; Li, J.; Sun, S.; Canning, C.; Zheng, S.J.; Zhou, K. Grape Skin Extract Inhibits Mammalian Intestinal x-Glucosidase
Activity and Suppresses Postprandial Glycemic Response in Streptozocin-Treated Mice. Food Chem. 2011, 126, 466—471. [CrossRef]
Shori, A.B.; Baba, A.S. Cinnamomum Verum Improved the Functional Properties of Bioyogurts Made from Camel and Cow Milks.
J. Saudi Soc. Agric. Sci. 2011, 10, 101-107. [CrossRef]

Shori, A.B.; Baba, A.S. Comparative Antioxidant Activity, Proteolysis and in Vitro a-Amylase and a-Glucosidase Inhibition of
Allium Sativum-Yogurts Made from Cow and Camel Milk. J. Saudi Chem. Soc. 2014, 18, 456-463. [CrossRef]

Shori, A.B.; Rashid, F; Baba, A.S. Effect of the Addition of Phytomix-3+ Mangosteen on Antioxidant Activity, Viability of Lactic
Acid Bacteria, Type 2 Diabetes Key-Enzymes, and Sensory Evaluation of Yogurt. LWT 2018, 94, 33-39. [CrossRef]

del Castillo, M.D.; Fernandez-Gomez, B.; Ullate, M.; Mesa, M.D. Uso de Productos de La Cascarilla de Café Para La Prevencién y
Tratamiento de Las Patologias Que Conforman El Sindrome Metabélico y de Sus Factores de Riesgo. WO/2016/097450, 23 June 2016.
Ma, C.-M.; Hattori, M.; Daneshtalab, M.; Wang, L. Chlorogenic Acid Derivatives with Alkyl Chains of Different Lengths and
Orientations: Potent a-Glucosidase Inhibitors. J. Med. Chem. 2008, 51, 6188-6194. [CrossRef]

Rasouli, H.; Hosseini-Ghazvini, S.M.-B.; Adibi, H.; Khodarahmi, R. Differential x-Amylase/x-Glucosidase Inhibitory Activities
of Plant-Derived Phenolic Compounds: A Virtual Screening Perspective for the Treatment of Obesity and Diabetes. Food Funct.
2017, 8, 1942-1954. [CrossRef]

Teixeira, A.; Baenas, N.; Dominguez-Perles, R.; Barros, A.; Rosa, E.; Moreno, D.; Garcia-Viguera, C. Natural Bioactive Compounds
from Winery By-Products as Health Promoters: A Review. Int. ]. Mol. Sci. 2014, 15, 15638-15678. [CrossRef]

Garrido, J.; Borges, F. Wine and Grape Polyphenols—A Chemical Perspective. Food Res. Int. 2013, 54, 1844-1858. [CrossRef]
Magoni, C.; Bruni, I.; Guzzetti, L.; Dell’Agli, M.; Sangiovanni, E.; Piazza, S.; Regonesi, M.E.; Maldini, M.; Spezzano, R.; Caruso, D.;
et al. Valorizing Coffee Pulp By-Products as Anti-Inflammatory Ingredient of Food Supplements Acting on IL-8 Release. Food Res.
Int. 2018, 112, 129-135. [CrossRef]

Hwang, S.J.; Kim, Y.-W,; Park, Y.; Lee, H.-].; Kim, K.-W. Anti-Inflammatory Effects of Chlorogenic Acid in Lipopolysaccharide-
Stimulated RAW 264.7 Cells. Inflamm. Res. 2014, 63, 81-90. [CrossRef]

Hwang, J.-H.; Kim, K.-J.; Ryu, S.-].; Lee, B.-Y. Caffeine Prevents LPS-Induced Inflammatory Responses in RAW264.7 Cells and
Zebrafish. Chem. Biol. Interact. 2016, 248, 1-7. [CrossRef]

Rodriguez-Morgado, B.; Candiracci, M.; Santa-Maria, C.; Revilla, E.; Gordillo, B.; Parrado, J.; Castafio, A. Obtaining from Grape
Pomace an Enzymatic Extract with Anti-Inflammatory Properties. Plant Foods Hum. Nutr. 2015, 70, 42-49. [CrossRef]

Bak, M.-].; Truong, V.L.; Kang, H.-S.; Jun, M.; Jeong, W.-S. Anti-Inflammatory Effect of Procyanidins from Wild Grape ( Vitis
Amurensis ) Seeds in LPS-Induced RAW 264.7 Cells. Oxid. Med. Cell. Longev. 2013, 2013, 409321. [CrossRef] [PubMed]

Pérez, C.; Ruiz del Castillo, M.L.; Gil, C.; Blanch, G.P; Flores, G. Supercritical Fluid Extraction of Grape Seeds: Extract Chemical
Composition, Antioxidant Activity and Inhibition of Nitrite Production in LPS-Stimulated Raw 264.7 Cells. Food Funct. 2015, 6,
2607-2613. [CrossRef] [PubMed]

Tagliazucchi, D.; Helal, A.; Verzelloni, E.; Bellesia, A.; Conte, A. Composition and Properties of Peptides That Survive Standardised
in Vitro Gastro-Pancreatic Digestion of Bovine Milk. Int. Dairy J. 2016, 61, 196-204. [CrossRef]

Helal, A.; Tagliazucchi, D. Impact of In-Vitro Gastro-Pancreatic Digestion on Polyphenols and Cinnamaldehyde Bioaccessibility
and Antioxidant Activity in Stirred Cinnamon-Fortified Yogurt. LWT 2018, 89, 164-170. [CrossRef]

European Commission. Commission Regulation (EU) No 432/2012 Establishing a List of Permitted Health Claims Made on
Foods, Other than Those Referring to the Reduction of Disease Risk and to Children’s Development and Health. Off. ]. Eur. Union
2012, 7, 162.

Meyer, D.; Bayarri, S.; Tarrega, A.; Costell, E. Inulin as Texture Modifier in Dairy Products. Food Hydrocoll. 2011, 25, 1881-1890.
[CrossRef]

Aryana, K.J.; McGrew, P. Quality Attributes of Yogurt with Lactobacillus Casei and Various Prebiotics. LWT—Food Sci. Technol.
2007, 40, 1808-1814. [CrossRef]

Platzer, M.; Kiese, S.; Herfellner, T.; Schweiggert-Weisz, U.; Eisner, P. How Does the Phenol Structure Influence the Results of the
Folin-Ciocalteu Assay? Antioxidants 2021, 10, 811. [CrossRef]

Canias, S.; Rebollo-Hernanz, M.; Braojos, C.; Benitez, V.; Ferreras-Charro, R.; Duefias, M.; Aguilera, Y.; Martin-Cabrejas, M.A.
Understanding the Gastrointestinal Behavior of the Coffee Pulp Phenolic Compounds under Simulated Conditions. Antioxidants
2022, 11, 1818. [CrossRef]


https://doi.org/10.1016/j.foodchem.2014.08.107
https://doi.org/10.1016/j.foodres.2009.02.018
https://doi.org/10.1016/j.foodchem.2010.11.016
https://doi.org/10.1016/j.jssas.2011.04.005
https://doi.org/10.1016/j.jscs.2011.09.014
https://doi.org/10.1016/j.lwt.2018.04.032
https://doi.org/10.1021/jm800621x
https://doi.org/10.1039/C7FO00220C
https://doi.org/10.3390/ijms150915638
https://doi.org/10.1016/j.foodres.2013.08.002
https://doi.org/10.1016/j.foodres.2018.06.026
https://doi.org/10.1007/s00011-013-0674-4
https://doi.org/10.1016/j.cbi.2016.01.020
https://doi.org/10.1007/s11130-014-0459-0
https://doi.org/10.1155/2013/409321
https://www.ncbi.nlm.nih.gov/pubmed/24260615
https://doi.org/10.1039/C5FO00325C
https://www.ncbi.nlm.nih.gov/pubmed/26130020
https://doi.org/10.1016/j.idairyj.2016.06.002
https://doi.org/10.1016/j.lwt.2017.10.047
https://doi.org/10.1016/j.foodhyd.2011.04.012
https://doi.org/10.1016/j.lwt.2007.01.008
https://doi.org/10.3390/antiox10050811
https://doi.org/10.3390/antiox11091818

Fermentation 2025, 11, 291 20 of 20

73.  EFSA Scientific Opinion on the Safety of Caffeine. EFSA J. 2015, 13, 4102. [CrossRef]
74. Sereshti, H.; Samadi, S. A Rapid and Simple Determination of Caffeine in Teas, Coffees and Eight Beverages. Food Chem. 2014,
158, 8-13. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.2903/j.efsa.2015.4102
https://doi.org/10.1016/j.foodchem.2014.02.095

	Introduction 
	Materials and Methods 
	Byproduct Extracts 
	Laboratory Prepared Extracts 
	Commercial Extracts 

	Food Samples 
	Yogurt Samples 
	Yogurt Digests 
	Sample Preparation 

	Chemical Characterization of Byproduct Extracts and Yogurts 
	Total Phenolic Content (TPC) 
	Total Anthocyanin Content 
	Capillary Zone Electrophoresis (CZE) 

	Health-Promoting Properties of Byproduct Extracts and Yogurts 
	Antioxidant Properties 
	Antidiabetic Properties 
	Anti-Inflammatory Properties 

	Consumer Acceptance Analysis 
	Statistical Analysis 

	Results 
	Chemical Characterization of Yogurts 
	Health-Promoting Properties of Yogurts 
	Antioxidant Properties 
	Antidiabetic Properties 
	Anti-Inflammatory Properties 

	Consumer Analysis of Yogurts 
	In Vitro Oral Gastrointestinal Digestion of Coffee Cascara Yogurt 
	Bioaccessible Compounds in Cascara Yogurt Digests 
	Antioxidant, Antidiabetic, and Anti-Inflammatory Properties of Bioaccessible Compounds in Cascara Yogurt Digests 


	Discussion 
	Conclusions 
	References

