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Abstract: Grape pomace (GP) is a winemaking residue that can be used as a functional ingredient due to its
phenolic content, among others. The influence of GP, grape pomace extract (GPE) and encapsulated grape
pomace extract (BGPE) on the phenolic compounds content, physical, textural and sensory properties of the
functional biscuit (FB) was studied. In the production of FB, 10-30 % of the wheat flour in the standard biscuit
was replaced by GP or by adding GPE and BGPE in amounts equivalent to the phenolic content of GP. The
highest content of phenolic compounds was found when 30 % of GP was used. The antioxidant activity (AA)
correlated well with the phenolic compound content (R > 0.87). The antiproliferative activity of biscuit extracts
against cancer cell lines is in the following order: SW620 > Caco-2 > Hep G2, but the positive correlation with
phenols and AA was not found. Textural properties of biscuits with GPE and BGPE addition were worse
compared to GP and standard biscuits, i.e. they were harder. Biscuits with BGPE addition received the highest
overall sensory score. The results indicate that biscuits enriched with phenolics from GP could be a promising
functional food with good sensory properties.

Keywords: grape pomace; biscuits; phenolic compounds; antioxidative activity; antiproliferative
activity; physical properties; sensory evaluation

1. Introduction

Nowadays, chronic diseases are constantly increasing, causing 71 % of deaths worldwide [1].
Although the pharmaceutical industry is trying to satisfy the needs in the treatment of diseases,
people are becoming more aware of the importance of consuming functional foods for the prevention
of diseases. The term "functional foods" refers to novel foods formulated to contain substances
(dietary fiber, phytochemicals, probiotics, etc.) that may have health-promoting value, in
concentrations that are both safe and sufficiently high to provide the intended benefits [2]. In addition
to fruits and vegetables as the best-known source of functional ingredients, there has been an
increasing trend in recent years to use waste streams from the food industry. The food industry
generates large amounts of by-products or waste that can be used in a sustainable way to produce a
bio-based product, including functional products that meet ESG (economic, social, and
environmental) criteria. The use of by-products to develop new high-value functional products
contributes to the growing trend to move from a linear to a circular bioeconomy, which means a
transition from an unsustainable "take-make-use-dispose" approach to a sustainable 4R approach
based on "reduce-reuse-recycle-recover" [3-5].

Biscuits offer good potential for the development of new functional formulations, as they are
well accepted by consumers worldwide due to their pleasant taste, low price, easy availability, low
moisture content, and relatively long shelf life [6,7]. Since biscuits are a carb-rich food product, recent
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research suggests that it is quite possible to obtain a nutritionally high-value functional biscuit by
replacing one part of wheat flour with other ingredients originated from various vegetables
(pumpkin or carrot powder [8]) and fruit (banana flour [9], rosehip powder [10]) or from waste
streams of their processing such as grape pomace [11], blueberry pomace [12], apple pomace [13],
olive pomace [14] or beetroot pomace [15].

The process of developing new functional products is complex and requires numerous
investigations. In the development of functional products such as biscuits, the influence of the
functional ingredients on the dough rheological properties of the dough, the technological and
physical parameters, the baking tests and the sensory evaluation of the final product must be
monitored [16-18]. All of these requirements must be met in order for the new functional product to
find its way to the customer and for the manufacturer to make the production and marketing of such
a product economically viable.

Grape pomace (GP) is the solid residue that remains in large quantities (20-30 % of processed
grape or 17 kg per L wine) after the processing of grapes (Vitis vinifera L.) [17,19], one of the most
widely grown fruits in the world with an annual production of 75 million tons (period 2012-2021,
[20]). GP offers numerous recycling opportunities but is usually disposed of unplanned in the
environment, with negative effects on the ecosystem. Although it has a rich chemical composition, it
is most often mentioned in the context of being a natural source of dietary fibers, and phenolic
compounds that have antioxidant, antiproliferative, and anti-inflammatory properties [21-23]. To
date, various studies have shown that different grape pomace extracts have a significant ability to
inhibit the proliferation of human lung cancer cells, human breast adenocarcinoma cells, murine
melanoma cells [24], and human colorectal cancer cells [25] and human hepatocarcinoma cells [26].

Since phenolic compounds are sensitive to external influences (oxygen, air, light, temperature),
their extraction process from the matrix and the form in which they are added to the functional
product can influence the properties of the functional product. One of the ways to protect the
bioactive phenolic components of grape pomace is encapsulation. In this process, the sensitive core
is protected from harmful external influences by a layer of coating material [21]. The choice of coating
material depends on the type of functional ingredient to be protected and the product properties into
which the encapsulated beads are to be incorporated [27]. Some of the commonly used coating
materials for the encapsulation of phenolic compounds are gum arabic, maltodextrin [21], sodium
alginate [28], and chitosan [29] .

The aim of this study was to prepare a functional biscuit with phenolic compounds derived from
a winery by-product and added in various forms, such as grape pomace (GP), grape pomace extract
(GPE) and encapsulated grape pomace extract in the form of alginate-based beads (BGPE), and to
study the influence of the functional ingredients on the physical, chemical, sensory, textural,
antioxidant and antiproliferative properties of the functional biscuit. As far as we know, there are no
comparable comprehensive studies comparing the influence of the form of the functional ingredients
on the properties of functional biscuits in one place.

2. Materials and Methods

2.1. Chemicals and Reagents

Folin and Ciocalteu’s phenol reagent was purchased from CPA chem (Bogomilovo, Bulgaria);
96% ethanol (p.a.) from Lab Expert (Shenzhen, Guangdong, China). Sodium carbonate anhydrous
(p-a.); sodium nitrite; sodium hydroxide; were obtained from Gram Mol (Zagreb, Croatia). Alginic
acid sodium salt from brown algae (low viscosity); stand-ard gallic acid monohydrate (98+% A. C.S.
reagent); 2,4,6-tris(2-pyridyl)-s-triazine (TPTZ) for spectrophotometric det. of Fe (= 98.0%); 2,2'-azino-
bis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), and ammonium persulfate
were purchased from Sigma Aldrich (Saint Louis, USA). Trolox, dimethyl sulfoxide (DMSO) and
iron(Ill)chloride hexahydrate (99+%, for analysis), were purchased from Acros Organics (Thermo
Fischer Scientific, USA). From Alfa Aesar GmbH & Co KG (Kandel, Germany) aluminum chloride
hexahydrate was obtained, from Carlo Erba Reagents GmbH (Emmendingen, Germany) and 37%
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hydrochloric acid and from Honeywell (Seelze, Germany). Dulbecco’s Modified Eagle's Medium
(DMEM) containing 2mMglutamine and fetal bovine serum was prepared by GIBCO (EU), whereas
trypan blue and 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) were pur-
chased from Sigma Aldrich (MERCK, Darmstadt, Germany). Phosphate-buffered saline (PBS) was
purchased from Capricorn Scientific (Ebsdorfergrund, Germany).

2.2. Grape Pomace

Cabernet Sauvignon (Vitis vinifera L.) variety grape pomace (GP) was collected from a local
winery (Erdut Winery, Croatia, 2018 harvest). The GP was air-dried (48 h, 25 — 27 °C) to reduce the
moisture content from 48.60 % to <10 % and prevent spoilage, and the dried pomace was stored at
room temperature. Before use for preparation biscuits or for extraction, the GP was ground to a
particle size of up to 1 mm using an ultracentrifugal mill (Retsch ZM200, Haan, Germany).

The chemical composition of the GP was determined in our previous study [30] and visible in
Supplementary Materials (Tables S1 and 52).

2.3. Extraction of Phenolic Compounds from Grape Pomace

The GP was extracted with 50 % aqueous ethanol at a liquid-to-solid ratio of 40 mL/g in
laboratory flasks, which were placed in a shaking water bath preheated to 80 °C (Julabo SW 23,
Labortechnik GmbH, Seelbach, Germany) and shaken at 200 rpm for 120 minutes. After completion
of the extraction, the suspension of sample and solvent was centrifuged at 11,000 x g for 10 minutes
(Hermle Z326K, Hermle Labortechnink, Wehngen, Germany). After centrifugation, the supernatant
was separated from the precipitate and concentrated to dryness on a rotary evaporator (Biichi, R -
210, Flawil, Switzerland) at 50 °C and 48 mbar. The obtained extract was used in two forms for the
preparation of functional biscuits, as powder (GPE) and as encapsulated extracts in the form of
alginate beads (BGPE).

2.4. Grape Pomace Extract Encapsulation

The GPE (0.66-1.31 g) was dissolved on a magnetic stirrer in 10 mL of 96 % ethanol and, after
dissolution, 40 mL of redistilled water was added. After brief stirring, 1.5 g of sodium alginate was
added to the solution. The mixture was stirred on a magnetic stirrer for 24 hours, and encapsulation
was performed. A syringe (25 mL) with a 20-gauge needle was used for encapsulation. A mixture of
sodium alginate and extract was encapsulated in 300 mL of 0.25 mol/L calcium chloride, and the
resulting hydrogel allowed to solidify in the calcium chloride solution for 10 minutes. After
solidification, the hydrogel beads were filtered on filter paper and washed twice with 200 mL of
redistilled water to remove residual calcium ions from the surface of the beads. The washed hydrogel
beads were dried at room temperature for 48 hours (BGPE) and used for the preparation of functional
biscuits.

2.5. Preparation of Biscuits

The preparation of the functional biscuits is based on the standard AACC interna-tional method
10-50.05 [31], which contains wheat flour, distilled water, shortening, su-crose, sodium chloride, and
sodium bicarbonate. In addition to the control sample (AACC standard formulation), 13 different
functional biscuit formulations were prepared such that a specific substitution and/or addition was
made to the AACC standard formulation. In the substitution, a certain amount of wheat flour (10 %,
20 %, or 30 %) was replaced by GP and/or distilled water was replaced by 50 % ethanol, while GPE
or BGPE were used as additives (Table 1). GPE and BGPE were added in amounts equivalent to GP
replacing 10%, 20%, and 30% of wheat flour, respectively, in terms of TPC content. The replacement
of distilled water with 50 % ethanol was made because the dry extract of grape pomace was not
readily soluble in water, which would prevent homogeneous distribution of the additive in the
dough. To determine whether this change in the formulation with 50 % ethanol had any effect on the

doi:10.20944/preprints202312.0478.v1
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tested biscuit properties, a special biscuit sample (eC) was prepared with ethanol but without the
addition of GP, GPE or BGPE.

Table 1. Biscuit formulation scheme. Standard AACC biscuit formulation (C) and modified biscuit
formulations with substituted/added ingredients (GP1 — eBGPE3).

SAMPLE 1 Substitution Addition
C - -
GP1 10 % wheat flour replaced by GP -
GP2 20 % wheat flour replaced by GP -
GP3 30 % wheat flour replaced by GP -
eC distilled water replaced by 50 % ethanol -
oGPl distilled water replaced by 50 % ethanol; )

10 % wheat flour replaced by GP
eGP2 distilled water replaced by 50 % ethanol; i
20 % wheat flour replaced by GP
GP3 distilled water replaced by 50 % ethanol; i
30 % wheat flour replaced by GP
GPE equivalent to GP replacing 10 % of
wheat flour (in terms of TPC content)
GPE equivalent to GP replacing 20 % of
wheat flour (in terms of TPC content)
GPE equivalent to GP replacing 30 % of
wheat flour (in terms of TPC content)
BGPE equivalent to GP replacing 10 % of
wheat flour (in terms of TPC content)
BGPE equivalent to GP replacing 20 % of
wheat flour (in terms of TPC content)
BGPE equivalent to GP replacing 30 % of
wheat flour (in terms of TPC content)

eGPE1 distilled water replaced by 50 % ethanol
eGPE2 distilled water replaced by 50 % ethanol
eGPE3 distilled water replaced by 50 % ethanol
eBGPE1 distilled water replaced by 50 % ethanol
eBGPE2  distilled water replaced by 50 % ethanol

eBGPE3  distilled water replaced by 50 % ethanol

1 (C) - control sample, standard AACC biscuit formulation; (GP) — biscuit with grape pomace; (e) — biscuit in
which water has been replaced by 50 % ethanol; (GPE) — biscuit with grape pomace extract; (TPC) — total phenolic
compounds; (BGPE) — biscuit with beads of encapsulated grape pomace extract.

An electronic mixer (Gorenje MMC800W, Slovenia) was used to mix the ingredients into a
dough. The firm dough was rolled out to a thickness of 7 mm and cut with a 60 mm round biscuit
cutter. The prepared biscuits were baked for 10 minutes at 205 °C in a convection oven (Wiesheu
Minimat Zibo, Wiesheu GmbH, Germany). The baked biscuits were cooled to room temperature prior
to analysis. The biscuits were made in triplicate batches.

2.6. Two-Stage Extraction Phenolic Compounds from Biscuits

For the first extraction step, crushed biscuits (2 g) were mixed with 20 mL of 70 % DMSO in a
Falcon tube. The mixture was subjected to an ultrasonic bath (15 min at 50 °C) in sweep mode (37
kHz) and 60 % power (Elma Elmasonic P 120 H, Elma Schmidbauer GmbH, Germany), followed by
centrifugation at 10,000 x g for 10 min. The supernatant was separated and a second extraction was
performed with the remaining precipitate. The precipitate was mixed with 20 mL of 70 % DMSO
before being immersed again in the ultrasonic bath and then centrifuged under the same conditions
as described previously. The supernatants from both extractions were pooled and used for further
analysis (phenolic compound content, antioxidant activity, and antiproliferative activity).
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2.7. Determination of the Phenolic Compound Content of Biscuits

TPC and total flavonoid content (TF) were determined spectrophotometrically (UV/VIS
spectrophotometer UV-1800, Shimadzu, Japan). Results were expressed as the mean of replicates +
standard deviation (SD).

TPC was determined according to the Folin-Ciocalteu micro-method described by Waterhouse
[32] with minor modifications. To 3160 pL of distilled water, 40 uL of sample was added and then
mixed with 200 pL of Folin-Ciocalteu reagent. After 8 minutes, 600 pL of sodium carbonate (20 %,
w/v) was added and then incubated at 40 °C for 30 minutes. The absorbance of the samples was
measured at 765 nm compared to the blank sample and the results were expressed as gallic acid
equivalents per dry weight of biscuits (mgcae/ga). The blank sample was prepared with the
extraction solvent instead of the sample.

TF was determined according to the aluminum chloride assay described by Marinova et al. [33]
with some modifications. To 2 mL of water and 500 pL of the sample, 150 uL of sodium nitrite (5 %,
w/v) was added. After 5 minutes, 150 pL of aluminum chloride (10 %, w/v) was added and after
exactly 6 minutes, 1 mL of sodium hydroxide (1 mol/L) was added. Then 1.2 mL of distilled water
was added and after shaking the mixture, the absorbance was measured at 510 nm compared to a
blank containing water instead of the sample. Results were expressed as (+)-catechin equivalents per
dry weight of biscuits (mgce/gab).

2.8. Determination of Antioxidant Activity of Biscuits

The antioxidant activity of biscuits was evaluated spectrophotometrically using FRAP and the
ABTS assay described by Martinovic et al. [30]. Trolox (an analogue of vitamin E), which is a potent
antioxidant, was used as a positive control. All assays were performed in triplicate, and final results
were expressed in Trolox equivalents per dry weight of biscuits (mgre/gav) as the mean of replicates
+ standard deviation (SD).

To measure the ferric reducing power (FRAP), the method of Benzie and Strain [34] was used
with minor modifications. 150 pL of the sample was mixed with 270 uL of distilled water and with
2.7 mL of FRAP working reagent, shaken, and incubated at 37 °C for 40 min. The absorbance was
measured at 592 nm. The blank sample was prepared in the same way, but distilled water was used
instead of extract.

The protocol of Re et al. [35] was used with minor modifications to determine the antioxidant
activity of the sample using the ABTS assay. Briefly, 950 uL of a diluted ABTSe+ radical solution
prepared fresh daily was added to 50 uL of the extracts. The mixtures of sample and reagent were
allowed to stand in the dark for 10 min and then the absorbance was measured at 734 nm. The control
sample was prepared in the same way, but absolute ethanol was used instead of the sample.

2.9. Determination of Antiproliferative Activity of Biscuits

Three human tumor cell lines (Caco-2; SW 620 and Hep G2) were cultured in DMEM medium
with the addition of 10 % fetal bovine serum and 2 mM glutamine until they reached 90 % confluence
in a humidified atmosphere under the conditions of 37 °C/5% CO:z gas in a CO2 incubator (Shell Lab,
Sheldon Manufacturing, USA). The trypan blue exclusion method was used to assess the viability of
the cells.

The biscuit extracts were filtered through a 0.45 um syringe filter (Sarsted, Germany) before use.
Working concentrations (50 mg/mL; 5 mg/mL; 0.5 mg/mL) were prepared in DMEM medium before
treatment. The antiproliferative effect of the biscuit extracts was determined using the MTT assay
(cell viability test) [36]. Cells were seeded in 96-well flat-bottomed plates (Greiner, Frickenhausen,
Austria) at a concentration of 2 x 404 cells/mL and left overnight in the CO2 incubator to attach to the
plate surface. 72 hours after addition of the samples, the growth medium was discarded and 5 mg/mL
MTT was added. After 4 hours of incubation at 37 °C, the water-insoluble MTT formazan crystals
were dissolved in DMSO. Absorbance was measured at 595 nm using an Elisa microplate reader
(iMark, BIO RAD, Hercules, CA, USA). Control cells were grown under the same conditions.

doi:10.20944/preprints202312.0478.v1
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2.10. Determination of Physical and Textural Characteristics of Biscuits

Biscuits were characterized on physical (width, thickness, spread factor, color) and textural
characteristic (snapping force, breaking distance, bending force index).

The dimensions of the biscuits, width (W) and thickness (T), were determined using the
instructions of given in the AACC international method 10 50.05 (AACC, 2010). The spread factor
was calculated as W/T multiplied by 10. Six biscuits from each batch were measured. The color of the
biscuit samples was measured at 6 different measuring points on the sample surface. It is specified
with the colorimeter Chroma Meter CR-400 (Konica Minolta, Tokyo, Japan) and expressed in CIE L*
a* b* system.

The TA.XT2i Texture Analyzer (Stable Microsystems Ltd., Surrey, UK) was used to perform the
three-point bend/break test. The distance between two lower supports was 40 mm, and the test speed
of the knife blade was 1 mm/s. The snapping force (N) and the breaking distance (mm) were obtained
from the test curve. By dividing these two parameters, the bending force index (N/mm) was
calculated. This index served as an indicator of the hardness/softness of the biscuits [37].

2.11. Determination of Sensory Characteristics of Biscuits

Sensory properties were evaluated according to the method of Yamsaengsung et al. [38] by
members of a trained sensory team from the Faculty of Food Technology Osijek, Croatia. The
evaluation team assessed the taste, odour, colour, texture (in the mouth), and overall sensory
impression of 14 different biscuit samples. The 9-point hedonic scale was used to assess sensory
properties. Scores from 1 to 9 were: extremely dislike (1), very much dislike (2), moderately dislike
(3), slightly dislike (4), neither dislike nor like (5), slightly like (6), moderately like (7), very much like
(8), and extremely like (9). The evaluated biscuit samples can be seen in Figure 6.

2.12. Statistical analysis

Statistica 14.0.015 (TIBCO Software Inc., Tulsa, USA) was used for statistical analysis of the
results. All results were expressed as mean values. To test the significance level of the difference
between the means of the samples representing the population (phenolic compounds, antioxidant
activities, sensory parameters, physical and textural parameters of biscuits), a one-way analysis of
variance (ANOVA) was performed. After statistically significant differences were found, an
additional post-hoc test (Duncan'’s test for multiple ranges) was performed to determine the specific
populations that showed significant differences (p < 0.05). Samples belonging to the same population
were labelled with the same letter of the alphabet in the figures or tables. Nonparametric Mann-
Whitney U-test were used to compare MTT data. Differences were considered statistically significant
at p <0.05.

3. Results

3.1. Content of Total Phenolic Compounds and Total Flavonoid in Biscuits

The reference formulation of the AACC biscuit (standard, i.e., control sample) [31] served as the
basis for the preparation of the functional biscuit and was enriched with functional ingredients,
which were essentially solid wastes from wine production. The functional ingredient consisted of
ground grape pomace (GP), grape pomace extract (GPE) or encapsulated grape pomace extract with
sodium alginate in the form of beads (BGPE) were used. The preparation of each functional
ingredient is described in subsections 2.2 - 2.4.

The chemical composition of the GP used, including the total phenolic compound (TPC) content
(53.55 mgcae/gav) is known from our previous study [30] and provides an important starting point for
adding a known content of TPC to each functional biscuit formulation.

After baking and grinding, the TPC and total flavonoid content (TF) was determined for all
biscuit samples, and the results are shown in Figure 1.

doi:10.20944/preprints202312.0478.v1
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Figure 1. Content of (a) total phenolic compounds (TPC); (b) total flavonoid (TF) in biscuits. (C) —
control sample, standard AACC biscuit formulation; (GP) — biscuit with grape pomace; (e) — biscuit
in which water has been replaced by 50 % ethanol; (GPE) — biscuit with grape pomace extract; (BGPE)
— biscuit with beads of encapsulated grape pomace extract.

The TPC content in the biscuits varied from 0.77 mgcag/ga (control sample, C) to 8.74 mgcar/gdb
(eGP3) (Figure 1a). An increase in TPC content was observed with increasing addition of all tested
functional ingredients, being least pronounced with the addition of BGPE. This observation is
consistent with the results of previous studies [17,23,39], which only investigated the effects of
different percentages of GP on the TPC content of functional biscuits. Their TPC values were lower
(< 4.03 mgcae/g) than those obtained in this work due to differences in the GP varieties used, the
percentage of GP in biscuits, and the extraction process for TPC, among other factors. The TPC
content of standard control biscuit prepared with water (C) and modified sample prepared with 50
% ethanol (eC) was generally not statistically significant different. Biscuits prepared with the addition
of BGPE had the lowest TPC content among all prepared functional biscuits and were statistically
significant (p < 0.05) different from the other samples. This is probably a consequence of the different
distribution of BGPE in the biscuit compared to the corresponding additions of GP and GPE and the
fact that TPC is protected by the coating used, which affects the low availability of the phenolic
compounds to solvent during extraction.

On the other hand, biscuits prepared with GP and GPE addition showed more homogeneous
distribution in the biscuits, due to the larger proportion (especially in the case of GP) in the biscuit
dough, which allowed easier extractability of TPC from GPE and GP biscuits. The content of GP- and
GPE-enriched biscuits were statistically significantly different (p < 0.05) from the control biscuits and
eBGPE biscuits, but in addition, a statistically significant difference (p < 0.05) was observed within
each observed data group as well as between groups, with the exception of samples GP1, eGP1, and
eGPE3, which were not statistically significantly different in detected TPC content.

The total flavonoid content (TF) (Figure 1b) of the biscuits ranged from 0.33 mgce/gab (C) to 3.10
mgce/gar (eGP3) with similar trends for all samples studied as the TPC, which was confirmed by the
calculated high correlation (R > 0.97) between them. Briefly, the highest yield of TF was observed in
biscuits with the addition of GP regardless of the water or 50 % ethanol used for the dough mixture,
followed by biscuits containing GPE and BGPE biscuits.

3.2. Antioxidant Activity of Biscuits

The antioxidant activity (AA) of biscuits was measured by two methods to allow a more accurate
interpretation of the results. According to the ABTS method (Figure 2a), AA ranged from 3.04
mgre/gds to 44.59 mgre/gav, with the highest value obtained for sample eGP3, which was statistically
significantly different (p < 0.05) from the other samples. Lower values (0.61 — 21.16 mgre/ga) of AA
were obtained when the method FRAP (Figure 2b) was used, but the high positive correlation (R >
0.93) was found between the methods of AA determination.
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Figure 2. Antioxidant activity of biscuits according: (a) ABTS method; (b) FRAP method. (C) — control
sample, standard AACC biscuit formulation; (GP) — biscuit with grape pomace; (e) — biscuit in which
water has been replaced by 50 % ethanol; (GPE) — biscuit with grape pomace extract; (BGPE) — biscuit
with beads of encapsulated grape pomace extract.

In overall, AA was the highest for biscuits prepared with GP regardless on C or eC biscuits,
followed with samples enriched with GPE and finally with BGPE. The high positive correlation (R =
0.89 — 0.96) between AA and TPC and TF, regardless of the antioxidant assay used, proves that the
above compounds contribute to the total AA of the biscuits.

3.3. Antiproliferative Activity of Biscuits

It is known that phenolic compounds have antiproliferative activity, and our previous work
demonstrated that phenol-rich grape pomace extract from Cabernet Sauvignon affects the reduction
of cell viability of Caco-2 and SW 620 cancer cell lines [40]. In the present study, the human liver cell
line HepG2 and the colon cell lines Caco-2 and SW620 were used to evaluate cell viability in the
presence of grape pomace-enriched biscuits (Figure 3). Among three evaluated concentrations of
biscuit extracts (5.0; 0.5; 0.05 mg/mL) the most effective was 5.0 mg/mL reducing the cell viability of
SW620 cells from 69.07 % to 95.82 % (p < 0.05), Caco-2 cells from 71.79 % to 94.24 % (p < 0.05), and
Hep G2 cells from 32.77 % to 94.01 % (p < 0.05).
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Figure 3. CaCo-2, SW 620 and Hep G2 cell viability at different concentration of biscuit extract: (a) 5
mg/mL; (b) 0.5 mg/mL; (c) 0.05 mg/mL. (C) — control sample, standard AACC biscuit formulation;
(GP) - biscuit with grape pomace; (e) — biscuit in which water has been replaced by 50 % ethanol;
(GPE) - biscuit with grape pomace extract; (BGPE) — biscuit with beads of encapsulated grape pomace
extract.

The highest cell viability was observed in Hep G2 cells when the eGP3 and GP3 samples were
tested with a concentration of biscuit extract of 5.0 mg/mL (Figure 3a), and was 66.49 % and 67.23 %,
respectively. These samples had no statistically significant (p < 0.05) effect on the reduction of Hep
G2 cells in contrast to all other samples tested. Generally, addition of GPE (eGPE1 - eGPE3) and BGPE
(eBGPE1 - eBGPE3) in biscuit formulation indicate smaller viability of the tested cells than biscuits
enrichment with GP.

At a biscuit extract concentration of 0.5 mg/mL, a statistically significant (p < 0.05) reduction in
cell viability of SW 620 (for 35.54 %) was observed in the GP2 sample compared with the control.
Conversely, eGPE1 and eBGPE3 samples showed a statistically significant (p < 0.05) increase in cell
viability for Caco-2 and Hep G2, respectively, compared to control cells (Figure 3b). At a biscuit
extract concentration of 0.05 mg/mL, none of the samples tested had a statistically significant effect
on cell viability compared to the control (Figure 3c).

Fernandez et al. [41] and all have shown that the viability of Hep G2 cells was affected by grape
skin extracts but not by grape seed extracts, suggesting that the bioactivity of the grape pomace
extract may be derive from the compounds in the skin. Our results regarding the sensitivity of Caco-
2 cells in the presence of GP, which is rich in flavonoids and phenolic acids, are consistent with those
previously reported by Oliviera et al. [42]. Similar results were reported by Perez et al. [25] on the
potent antiproliferative effect of GP on Caco-2 and HT-29 cancer cell lines which is in agreement with
our results on Caco-2 and SW620 cells. The biological activity of GP and GPE is obviously present in
the enriched biscuits and more effective in the colorectal cell lines (Caco-2, SW620) than in the
hepatocellular cell line (HepG2). Another study conducted by Caponio et al. [43] reported that the
effects of GP on Caco-2 cell proliferation is a dose-dependent action with a significant cell
proliferation inhibition effect at concentrations of 25, 50, and 100 pg/mL of grape pomace. All
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reported studies are conducted on the elementary grape pomace or grape pomace extracts not as GP
incorporated in complex food matrix.

Overall, the antiproliferative activities of the biscuit extracts were strongly negatively correlated
with TPC (R =-(0.81 - 0.95)) and with AA (R = (-(0.71 - 0.92)). Thus, the antiproliferative activities of
the extracts cannot be explained by the total phenolic content of the biscuits tested and the results
suggest that specific individual phenolic compounds or other bioactive substances in GPE and BGPE
may be responsible for the antiproliferative activities of the biscuits. Therefore, identification of
individual phenolic or other phytochemicals will be included in further studies. Similar results on
the relationship between polyphenols, antioxidant and antiproliferative activities on Hep G2 cells
were published by Sun et al. [44] when they investigated the bioactivity of different fruit extracts.

3.4. Physical and Textural Characteristics

From the results presented above and taking into account the tested biological activity, it is
evident that the addition of GP, BGPE and BGPE in standard biscuits results in functional biscuits.
However, the formulation of a functional biscuit must meet certain technological and sensory
properties to be accepted by consumers. Therefore, the physicochemical properties, texture, and
sensory characteristics of the biscuits were determined.

3.4.1. Dimensions of Biscuits

Figure 4 shows the effects of the addition GP, GPE or BGPE and ethanol on the dimensions
(width and thickness), spread factor and volume of the biscuits.
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Figure 4. Dimension properties of biscuits: (a) width; (b) thickness; (c) spread factor; (d) volume. (C)
- control sample, standard AACC biscuit formulation; (GP) — biscuit with grape pomace; (e) — biscuit
in which water has been replaced by 50 % ethanol; (GPE) — biscuit with grape pomace extract; (BGPE)
— biscuit with beads of encapsulated grape pomace extract. .
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When comparing the width of the two control biscuits (C and eC), the width of biscuit C
prepared with water was slightly higher than the width of biscuit eC where ethanol was used instead
of water. Increasing the ingredients content in all samples with GP, GPE or BGPE decreases the width,
thickness and spread factor of the biscuits compared to the control sample (C), but no significant
difference was found between the control sample (C) and the samples GP1-GP3 (Figure 4a — c). For
the biscuits with ethanol, a statistically significant difference (p < 0.05) in the width and thickness of
the samples is only observed when adding 30 % GP for width (width decreased from 6.83 cm for eC
to 6.43 cm for eGP3) and when adding > 20% GP for thickness of the biscuits (thickness decreased
from 1.27 for eC to 1.24 for eGP2, i.e. to 1.23 for eGP3) as shown in Figure 4a and 4b. Acun and Giil
[45] reached a similar conclusion in their study on the effects of whole grape pomace flour on biscuit
quality and found no significant difference between the control sample and the samples with an
addition of up to 15% whole GP flour in the determination of width, thickness and spread factor. In
the same paper, the authors showed that the addition of pomace flour without seeds does not change
the width and spread factor, but had a statistically significant effect on the reduction of thickness. In
agreement with our results are also the investigations of Molnar et al. [46], who optimised a
wholemeal biscuit formulation with grape and aronia pomace as a partial substitute for cocoa powder
and found that the biscuit thickness and spread factor were not significantly affected by the
composition of the mixture. However, Molnar et al. [46] found that grape and aronia pomace had a
significant negative effect on biscuit width.

The biscuit volume is highest for control sample C and decreases when the content of additives
GP, GPE or BGPE is increased (Figure 4d). Although the volume is 7.1% lower for sample GP3 and 5
% lower for eBGPE3, the reduction was not statistically significant for samples GP1 — GP3 and
eBGPE1 — eBGPE3 compared to control sample C. The reduction in volume was also not significant
for the eGP1 - eGP3, eGPE1 — eGPE3 and eBGPE1 - eBGPE3 formulations compared to the eC biscuit
(the reduction was up to 7.36%). Kuchtova et al. [47], who studied the effect of incorporation of red
grape skins and red grape seeds on the rheological properties of wheat dough and on the qualitative
parameters of biscuits, reported a significant decrease in the volume of biscuits with an increase in
the content of functional additives. A significant decrease in biscuit volume with an increase in apple
pomace powder was found by Kohajdova et al. [48], who followed the addition of high-fibre powders
from two apple varieties on the farinographic properties of wheat dough and biscuit quality.

The composition, type, and amount of functional ingredients, as well as all other raw materials
used in the production of biscuits, have a decisive influence on the differences in the results of studies
on the influence of grape pomace and other additives on the dimensions of biscuits (width, thickness,
and volume) [46,49]. The decrease in biscuit width and thickness is probably due to the higher
viscosity of the dough in the samples with added functional ingredients, and similarly Mancebo et
al. [50] concluded in a study on the influence of different flours on the quality of gluten-free sugar
biscuits. In addition, the samples with the addition of GP have a higher fibre content and thus a
higher water retention capacity. In these samples, less water is available to dissolve the sugar, which
is an important factor for the expansion of the biscuits during baking [51]. A similar influence could
be assumed for samples with added ethanol. Ethanol has a lower boiling point than water and first
evaporates, so can be assumed that the amount of liquid available for dissolving the sugar is reduced.
In this case, ethanol affects the expansion of the biscuits and could also explain the deteriorated
textural properties of the samples with added ethanol.

3.4.2. Texture of Biscuits

The determination of the textural properties of biscuits prepared without and with functional
ingredients (GP, GPE and BGPE) was performed using the three-point bend/break test and the results
are shown in Figure 5.

doi:10.20944/preprints202312.0478.v1
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Figure 5. Textural properties of biscuits: a) snapping force; (b) breaking distance; (c) breaking force
index. (C) — control sample, standard AACC biscuit formulation; (GP) — biscuit with grape pomace;
(e) — biscuit in which water has been replaced by 50 % ethanol; (GPE) — biscuit with grape pomace
extract; (BGPE) — biscuit with beads of encapsulated grape pomace extract.

It was found (Figure 5a) that with increasing addition of GP the snapping force decreases (from
68.3 N for the control sample C to 44.8 N for the sample eGP3 prepared with addition of 30 % GP and
ethanol). The braking distance is significantly lower for all samples with ethanol addition (Figure 5b).
From the bending force index results (Figure 5c), addition of GP softens the texture of the biscuits,
and increasing the content of GP results in biscuits with a softer, crumbly texture and increased
graininess. Biscuits prepared with GPE (eGPE1 - eGPE3) or BGPE (eBGPE1 — eBGPE3) were
significantly the hardest, as shown by the value of the bending force index (Figure 5c), which
increases significantly (p < 0.05) from 46.2 N/mm in the control sample C to almost double the value
for biscuits enriched with GPE (83.6 — 98.5 N/mm) or by about 50 % for samples enriched with BGPE
(63.4—73.7 N/mm). It can be assumed that the reason for this is the easily evaporating ethanol, which
has a negative effect on the sucrose-water matrix and thus on the texture of the biscuit. Davidov-
Pardo et al. [52] studied biscuits made with bulk and microencapsulated grape seed extract. Their
results are the opposite of those in this paper. They reported that the hardness of the biscuits was not
significantly different, with the addition of grape seed extract slightly decreased the hardness of the
biscuits. However, Davidov-Pardo et al. [52] used water, whereas in this paper 50 % ethanol was used
to prepare the dough with GPE and BGPE. The decrease in hardness due to the addition of GP was
found by Theagarajan et al. [23], who used GP (cv. Muscat) for the development of GP biscuits, as a
functional snack. Kuchtova et al. [47] observed lower fracturability and hardness of biscuits with
different content of grape skins and grape seeds. Replacing wheat flour with GP, grape seeds or grape
skins leads to a decrease in gluten content in the biscuit dough, slows down the formation of gluten
matrices and results in a decrease in hardness [47,53].
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The color of the biscuits is not only influenced by the amount of sugar, the temperature and the
baking time, but also by the content of GP used and the amount of pigments it contains. The colour
of the different biscuits determined by the CIELab coordinates is shown in Table 2.

Table 2. Color parameters of the biscuits: lightness (L), redness (a*), yellowness (b*) and total color

change ( Eab) of the biscuit compared to the color of the control sample of the biscuit.

SAMPLE! L* a* b* AEab
C 67.61£252 6.23+1.5°P 33.99+1.0°% -
GP1 49.85+0.6 ¢ 503£03¢ 18.14 + 0.9 de 23.83
GP2 41.13+0.7 ¢ 498+0.3¢ 13.73+0.6 8 33.36
GP3 36.32+34s 491+15¢ 9.40+2.0n 39.82
eC 66.68 £0.9 2 6.42+0.4P° 33.64+0.8" 1.01
eGP1 50.89+0.9¢ 486+03¢ 1751+ 0.8 < 23.52
eGP2 42.19+009°f 476+04c¢ 13.15+1.28 32.90
eGP3 36.66 +0.9 s 473+£08¢ 893+£0.8h 39.85
eGPE1 62.87 +8.4%P 445+1.1¢ 2483 +15¢ 10.47
eGPE2 57.70£0.7 < 282+0.64 18.75+1.44 18.50
eGPE3 53.08 £0.84 2.65+1.04 16.56 +2.0f 22.97
eBGPE1 68.12+1.12 741+1.0° 35.30+0.6 1.84
eBGPE2 67.76 £2.02 6.93+0.9® 34.46 £0.9 0.86
eBGPE3 66.92 +2.52 6.58 +0.8 " 3421+09¢P 0.80

1(C) — control sample, standard AACC biscuit formulation; (GP) — biscuit with grape pomace; (e) — biscuit in
which water has been replaced by 50 % ethanol; (GPE) — biscuit with grape pomace extract; (BGPE) — biscuit
with beads of encapsulated grape pomace extract.

From the results it can be seen that an increase in the content of GP results in a significant
decrease (p <0.05) in all three color parameters: lightness L* (from 67.61 for sample C to 36.32 for GP3
sample and from 66.68 for sample eC to 36.66 for sample eGP3), redness a* (from 6.23 for sample C
to 4.91 for GP3sample and from 6.42 for sample eC to 4.73 for sample eGP3) and the colour parameter
for yellowness b* (from 33.99 for C to 9.40 for S GP3 and from 33.64 for eC sample to 8.93 for the eGP3
biscuit sample).

Kuchtova et al. [47] also reported a decrease in lightness and yellowness in biscuits with grape
skins and seeds, while the color parameter a* decreased for grape skins and increased for grape seeds
compared to the control sample. The results of Acun and Giil
the biscuits became darker and their colour parameter b* decreased with an increase in the content
of whole grape pomace flour, pomace flour without seeds and seed flour, while the values of the
color parameter a* decreased with an increase in the content of grape pomace flour and pomace flour
without seeds and increased with the addition of grape seed flour.

The darkening of the biscuits during baking is a result of the Maillard reaction and the
caramelization of the sugar, and the differences in the color of the samples when GP is added are
primarily due to this addition. The reason for this is anthocyanins, which occur naturally in grape
berries [54] and are the cause of the purple-blue coloring of the GP. The overall result of the color
change due to the addition of GP was a darker color and a convergence of green and blue colors, so
that biscuits with this addition had lighter or darker shades of dark green-blue color, depending on
the content of GP. The addition of GPE also reduced the lightness, while the addition of BGPE did
not significantly (p < 0.05) affect the lightness of the biscuits compared to the control samples. The
values of the color parameters for redness and yellowing decrease with the addition of GPE, while
they increase with the addition of BGPE compared to the control sample. The results on the decrease
of lightness are in agreement with the results published by Davidov-Pardo et al. [52]. According to
their results, the lightness decreased with bulk and microencapsulated grape seed extract was added
to biscuits, and the values for the parameters a* and b* increased compared to the control sample,

[45] are similar, according to which


https://doi.org/10.20944/preprints202312.0478.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 7 December 2023 doi:10.20944/preprints202312.0478.v1

14

which corresponds to the results of this study for the addition of BGPE to biscuits and the opposite
of the results in the case of the addition of GPE. The total change in the color of biscuits calculated in
comparison with sample C was very faintly perceptible to the human eye in biscuit samples eBGPE2
and eBGPE3 (0.2 - 1), in samples eC and eBGPE1 this change was faintly perceptible (1 - 3), while in
the remaining samples the color change was very clearly perceptible to the human eye (AEa > 6),
which can also be seen in the photographs of representative samples from each series of biscuits

(Figure 6).

eBGPE1 eBGPE2 eBGPE3

Figure 6. Images of representative biscuits from each batch. (C) — control sample, standard AACC
biscuit formulation; (GP) - biscuit with grape pomace; (e) — biscuit in which water has been re-placed
by 50 % ethanol; (GPE) - biscuit with grape pomace extract; (BGPE) — biscuit with beads of
encapsulated grape pomace extract.

3.4.4. Sensory Evaluation of Biscuits

The sensory evaluation of the biscuits prepared with and without addition of GP, GPE and
BGPE, as determined by sensory analysis using a 9-point hedonic scale, is shown in Figure 7.
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Figure 7. Sensory evaluation score by 9-point hedonic scale. (C) — control sample, standard AACC
biscuit formulation; (GP) — biscuit with grape pomace; (e) — biscuit in which water has been replaced
by 50 % ethanol; (GPE) — biscuit with grape pomace extract; (TPC) — total phenolic compounds;
(BGPE) - biscuit with beads of encapsulated grape pomace extract.

The results show that the color rating decreases (ranging from 6.3 to 6.9) as the content of GP
increases. Considering at the other ratings, it is clear that dark green-blue shades are not particularly
attractive to panelists. Biscuits with BGPE (average 7.9) and the control samples C (7.4), as well as eC
(7.5) received the highest ratings for color. The color of the samples with GPE (from 4.1 to 4.3) was
evaluated the worst. Comparing these results with the instrumental determinations, it can be seen
that the best evaluated samples are the lightest with the highest values for the color parameters a*
and b*, i.e. with the most pronounced red and yellow tones.

The best odour scores were obtained for the eC (7.5) and the samples with the addition of BGPE
(from 7.3 to 7.5). Odour scores decreased with increasing GP content. This is in agreement with the
results of Molnar et al. [46], who reported that odour ratings decreased with increasing GP addition,
as well as aronia pomace content. The most significant differences between biscuits prepared with
GP addition and control biscuits were found in texture and taste. The texture ratings decreased
significantly with increasing content of GP and were significantly higher in the samples with BGPE
addition. The panelists found that the sample with the addition of GP was softer, which is consistent
with the instrumental texture determination, and that its texture was grainy. The grainy texture is
related to the size of the particles of GP, especially those derived from the grape seeds contained in
GP. During using GP in biscuits and similar products, the size of the particles should be taken into
account, especially because of the grape seeds. Kuchtova et al. [47] reported that the score for texture
gradually decreases with increasing amount of grape seeds in biscuits. Comparing the obtained
results with the instrumental measurements, it is found that the samples with the addition of BGPE
are softer than the samples with GPE, but harder than the samples with the addition of GP, which
was rated highly by the panellists. The sample with the least addition of BGPE has the highest taste
score (8.3), and the biscuit GP3 has the lowest score (5.1). For comparison, the taste of the control
biscuit prepared with water (C) was rated 6.9, and that of the biscuit prepared with ethanol (eC) was
rated 7.8. The lowest taste ratings of biscuits with the highest content of GP are explained by Davidov-
Pardo et al. [52] as being due to the presence of phenolic compounds in grape seeds and grape
pomace, which contribute to the astringent taste of the product.

The overall acceptability score is highest for biscuits with BGPE added (from 7.7 to 8.3), and
these scores are on a nine-point hedonic scale between "very much like" and "extremely like". The
overall rating for biscuits with the addition of GP is in the range of 5.6 to 6.7 and can be described as
a rating between "slightly like" and "moderately like". Biscuits with GPE added can be described as
"moderately like" as their overall rating is between 6.3 and 6.4, and the same applies to the control
sample C with an overall score of 6.7.
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4. Conclusions

In this work, the physical, textural, sensory and functional properties of biscuits enriched with
phenolic compounds from grape pomace (GP) were studied. The results show that the prepared
biscuit formulation have the higher content of phenolic compounds and antioxidant activity
compared with control sample and exhibit antiproliferative activity against cancer cell lines SW 620,
Caco-2 and Hep G2, which places it in the category of potential functional products. Biscuits enriched
with encapsulated grape pomace extracts (BGPE) and grape pomace extract (GPE) were significantly
harder than control biscuits and GP - enriched samples. Color, odor, texture and taste of biscuits with
BGPE addition received the best sensory evaluation by panelists, indicating that these biscuits could
be well acceptable from consumers.

Considering the functionality, phenolic compounds often interact with other components of the
complex food matrix during digestion and undergo numerous transformations related to the changes
in the digestive tract, including temperature, pH, ionic strength, and other metabolic factors, so it is
necessary to investigate the release behavior of phenolic compounds from biscuits during in vitro
digestion simulation. Future research will therefore focus on evaluating the bioaccessibility of
phenolic compounds from biscuits in the intestines, which is a prerequisite for their absorption and
subsequent health effects. Since the biscuits that contained the encapsulated extract were the best
evaluated, part of the future research will focus on investigating the influence of the encapsulation
method and different natural coatings on the functional properties of the biscuits and the quality and
consumer acceptance of the biscuits.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org. Table S1: Chemical composition of grape pomace Cabernet Sauvignon variety;
Table S2: Content of individual phenolic compounds (C) in grape pomace Cabernet Sauvignon extract
determined by UHPLC analysis.
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