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Abstract The use of dried grape pomace (DGP) as a
bulking agent for partly substitution of sugar, milk powder
and whey powder in compound chocolate (CC) was
investigated. D-optimal mixture design was used to deter-
mine the effect of composition on the particle size, flow
behaviour (Casson yield value and plastic viscosity), as
well as total phenolic and resveratrol contents before and
after in vitro digestion. The various models (linear, quad-
ratic and cubic) which were identified as significant
(P < 0.05) were used in this study. As a result, DGP was
found suitable to be used in CC as a bulking agent to
partially substitute sucrose, milk powder and whey powder
to increase functional properties and decrease the cost of
the CC. For CC with the most acceptable rheological
properties and a satisfactory level of TPC and resveratrol,
optimum usage levels of DGP were identified as 7.1% to
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10.0%. Further studies will require to modify flow beha-
viours by optimizing the particle size of pomace.

Keywords Grape pomace - Compound chocolate -
Functional food - Mixture design - Optimization

Abbreviations

DGP  Dried grape pomace

CC Compound chocolate
PGPR Polyglycerol polyricinoleate
MP Skimmed milk powder

WP Whey powder

TPC Total phenolic contents

Introduction

There is a significant increase in the demand and interest
for healthy products. For this purpose, re-formulation and
the use of bioactive components are required. However, for
the success of novel products, there should be no signifi-
cant deviations in terms of quality features with conven-
tional products. Furthermore, it is of great importance that
costs and end-product prices are reasonable (Ortega-Heras
et al. 2019). The components that can be used for this
purpose include industrial fruit wastes. The use of these
wastes and by-products in new foodstuffs for economic
reasons, cost reduction, functional property development,
and nutritional value is becoming widespread (Beres et al.
2019).

One of the important trends in the food industry is the
use of natural materials with high dietary fibres content and
high antioxidant activity in the formulation of functional
food (Mildner-Szkudlarz et al. 2012). The health benefits
of fruit waste are known, but the valorisation of waste
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products in the food industry is not sufficiently investi-
gated. During the fruit and vegetable processing, about
10-35% of raw materials are separated as waste products.
Due to the high moisture content of fruit wastes, pomace
can be rapidly exposed to microbiological development.
The improper storage conditions and delays in processing,
can increase the risk of microbial deterioration (Majerska
et al. 2019).

Grape is one of the most common agricultural products
and 80% of this fruit is used in wine production (Mildner-
Szkudlarz et al. 2012). Grape pomace, which can also be
defined as press residue, mainly consists of crust, stalk, and
seed which in wine industry, constitutes approximately
20% of the mass of grape. Discharge of grape wastes into
the environment can lead to environmental problems such
as increased soil acidity, phyto-toxicity, and methane gas
production (Iora et al. 2015). Therefore, adding value to
wine and grape juice wastes is important for environmental
safety and waste management. Generally, industrial grape
waste is used as the animal feed or compost without the
need for any further processes (Beres et al. 2019).

Furthermore, dried grape pomace (DGP) has a high
phenolic, protein and fibres content and can be used in the
composition of foods to improve nutritional quality of
products (Iora et al. 2015). Especially grape peel is an ideal
source for dietary fibres and many phenolic compounds
such as flavonols, flavanols, anthocyanins and proantho-
cyanidins (mono-, oligo- and polymeric proanthocyani-
dins) (Majerska et al. 2019). Proanthocyanidins have
shown important properties such as anti-viral, anti-bacte-
rial, anti-oxidant, and enzyme-inhibition activity (Cadiz-
Gurrea et al. 2017). However, the level and composition of
them depends on the grape type, the climate of the growing
region, and the technique of wine production (Mildner-
Szkudlarz et al. 2012). Besides, about 70% of grape
polyphenols remain in the grape pomace after wine pro-
duction, and this waste material can be used as natural
colorant, antioxidant, and preservative agents (Beres et al.
2019).

Enrichment of foodstuffs with fibre is an acceptable ap-
proach by consumers therefore, many authors have studied
about use of grape pomace for enrichment of different
products such as pasta (San’Atana et al. 2014), yoghurt and
salad dressing (Tseng and Zhao 2013), bakery products
(Mildner-Szkudlarz et al. 2012), and meat products (San-
chez-Alonso et al. 2007). Nevertheless, the use of grape
pomace in chocolate and derivative products has been
investigated in a limited number of studies. Bonarius et al.
(2014) investigated the possibility of using grape pomace
to replace sucrose in chocolate products. In this study, the
addition of lecithin decreased the Casson yield value in the
control sample but did not change this parameter in the
samples containing grape pomace. In our knowledge,
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research on the using grape pomace has been mostly
restricted to conventional chocolate, not compound
chocolate. Compound chocolate (CC) is a chocolate-
derived product including vegetable fats, especially a
combination of palm stearin and palm olein. Compound
chocolate is produced as an alternative to conventional
chocolate due to its lower cost. Therefore, according to
growing demand by consumer for low-cost and low-calorie
food enriched by bioactive components, identifying the
bulking agents (from waste products) for CC is important.

The aim of this research was to replace sugar, milk
powder, and whey powder in CC formulation with grape
pomace to reduce the product cost and provide waste
management. Furthermore, some quality properties and
health related aspect such as total phenolic content,
resveratrol content and in vitro digestion were evaluated.

Materials and methods
Materials and formulation

The red grape pomace of Cabernet Sauvignon from the
wine process (2018 campaign) was supplied by a national
winery, located in Izmir, Turkey. The material was dried to
a moisture content of about 5% at 60 °C. Stems and seeds
were removed manually from dried grape pomace. Dried
grape pomace (DGP) (0.00-15.0 g/100 g), cocoa butter
replacer (Trio30 and Unika44, AAK, Istanbul, Turkey)
(31.44 ¢g/100 g), sugar powder (SMS Kopuz, Istanbul,
Turkey) (25.0-40.0 g/100 g), cocoa powder (Altinmarka,
Istanbul, Turkey) (7.00 g/100 g), skimmed milk powder
(MP) (Enka, Konya, Turkey) (3.00-10.50 g/100 g), whey
powder (WP) (Enka, Konya, Turkey) (3.00-10.50 g/
100 g), soy lecithin (Brenntag Chemistry, Istanbul, Tur-
key) (0.40 g/100 g), sodium chloride (Salina, Konya,
Turkey) (0.03 g/100), polyglycerol polyricinoleate (PGPR)
(Palsgaard, Zierikzee, Netherlands) (0.10 g/100 g) and
ethyl vanillin (Ekin Chemistry, Istanbul, Turkey) (0.03 g/
100 g) were used in this study.

The compound chocolate preparation

The CC samples were prepared by using a pilot-scale ball-
mill (Alpy, Istanbul, Turkey) according to the method
described by (Toker et al. 2017). Each sample group was
produced in lots of 2 kg using the formulations presented
in Table 1. Refinining-conching time and shaft speeds were
2 h and 60 rpm, respectively, at 45 °C. Molten CC was
cooled to 35 °C for moulding. The moulding was per-
formed in polycarbonate chocolate moulds (80 x 40x4
mm) which preheated to 35 °C. The moulded CC samples
were cooled for 30 min in cooling chambers set at 10 °C.
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Table 1 Study design and amounts of independent variables

Sample Run Coded values Real values (g/100 g)
A B C Sugar MOP DGP

GC, 1 0.656 0.098 0.246 40.000 6.0060 14.994
GC, 2 0.631 0.344 0.025 38.501 21.000 1.4990
GC; 3 0.517 0.344 0.139 31.547 21.000 8.4530
GC, 4 0.570 0.265 0.165 34.758 16.187  10.055
GCs 5 0.614 0.227 0.159 37.452 13.841 9.7070
GG 6 0.656 0.227 0.117 40.000 13.862 7.1380
GC, 7 0.410 0.344 0.246 25.004 21.000 14.996
GCy 8 0.526 0.228 0.246 32.114 13.886  15.000
GCo 9 0.588 0.316 0.096 35.867 19.275 5.8580
GCo 10 0.612 0.185 0.203 37.353 11.258  12.390
GCy, 11 0.631 0.344 0.025 38.501 21.000 1.4990
GC, 12 0485 0.302 0.213 29.611 18400 12.989
GCy3 13 0.656 0.098 0.246 40.000 6.0060 14.994
Control 40.000 21.000 0.0000

MOP, milk originated powders as total skimmed milk powder and
whey powder in equal amounts; DGP, dried grape pomace

The cooled CC samples were removed from the moulds,
coated with aluminium foils and were stored at tempera-
tures between 13and 15 °C, therefore prevented from light
and heat prior to analysis.

Characterization of dried grape pomace

Solid matter, ash, protein, fat contents of DGP were
determined by using the method used by Acan et al. (2021).
The sugar profile as glucose, fructose, xylose, and sucrose
contents was analysed by using HPLC-RID (Agilent 1100,
USA) and Hypersil APS-2 (5 pm, 100 x 3.0 mm) column
according to the methodology described by (Di Mattia
et al. 2014).

Determination of particle size

The particle size as Dgg value of CC samples was measured
with a precision of 0.001 mm using a micrometre (Mitu-
toyo, Japan).

Determination of flow behavior

Casson yield and plastic viscosity values were determined
according to the method described by Toker et al. (2017)
and by using stress and strain-controlled rheometer (Anton
Paar, MCR 302, Graz, Austria) equipped with parallel plate
configuration and Peltier heating/cooling system. Prior to
rheological analyses, the samples were melted at 45 °C

using a water bath. The data obtained in the 4™ stage were
fitted to the Casson model as described at Eq. 1 and the
model parameters, yield stress (ty) and plastic viscosity
(n,1) were calculated using the software.

=100+ n," (1)

where 7, 19, 1,,;, and 7y represent shear stress (Pa), yield
stress (Pa), plastic viscosity (Pa.s) and shear rate (1/s),
respectively (Rao, 1999).

‘CO'6

Total phenolic content

To determine the total phenolic content (TPC), extraction
of DGP and compound chocolate samples were performed
by making some changes in the method applied by (Di
Mattia et al. 2014). A total of 5 g of ground sample and
25 mL of hexane were mixed with a shaker at room tem-
perature for 1 h and then centrifuged at 9000 rpm for
5 min. The supernatant of samples was discarded and left
for 4 h in an oven set at 40 °C to evaporate hexane residue.
2 g of sample was taken and 10 mL of acetone/water/acetic
acid (70/29.8/0.2, v/v/v) solution was added. The mixture
was homogenized in glass tubes sealed with parafilm in an
ultrasonic water bath at 40 °C for 1 h. The mixture was
filled into the flask and centrifuged at 9000 rpm for 5 min
and the upper phase was passed through a 0.22 pum filter
with the help of a syringe.

TPC of samples was determined using the method
applied by (Singleton and Rossi 1965). 2.5 mL of 0.2 N
Folin solution was added to 0.5 mL of sample extract and
then 2 mL of 7.5% sodium carbonate solution was added to
extract and left for 30 min at room temperature at the
darkness. The absorbance of the samples was measured by
spectrophotometer (UV-1800, Shimadzu, Kyoto, Japan) at
760 nm. The total amount of phenolic substances in sam-
ples was calculated in mg Gallic acid equivalent (GAE)
(mg GAE/kg). Equation 2 obtained from the calibration
curve was used to determine the TPC.

Absorbance — 0.0351

0.0107
x Dilution Factor (2)

TPC (mg GAE/kg) =

The resveratrol content of samples

To determine the resveratrol content, extraction of CC
samples was performed according to the method developed
by (Romero-Pérez et al. 2001) with some modifications.
20 mL of 70% EtOH was added to 4 g of the sample and
vortexed for 1 min. The vortexed samples were covered
with parafilm and kept in a shaking water bath at 40 °C for
2 h at 150 rpm. At the end of the time, 20 mL of hexane
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(100%) was added to the samples and vortexed for 1 min
prior to leaving in the shaking water bath at room tem-
perature for 1 h at 150 rpm. Falcon tubes were centrifuged
at 9000 rpm for 5 min. Extracts were filled into vials by
passing 0.45 pm filters and injected into HPLC (LC 20A,
Shimadzu, Kyoto, Japan) equipped with a fluorescence
detector (RF-20A). The amount of resveratrol was deter-
mined in gradient elution system (B 20% (0.00 min) —
50% (4.00 min) —» 20% (4.01)) at 300 nm excitation,
386 nm emission wavelength and using GIST CI8
(100 x 2.1 mm, 2 pm) column. Mobile phase A was
acetonitrile/0.1% o-phosphoric acid solution (5/95 v / v)
and mobile phase B was acetonitrile/0.1% o-phosphoric
acid solution (80/20, v/v), column temperature was 50 °C,
flow rate was 0.6 ml / min, and injection volume was 2 pL.

Simulated in vitro digestion

Bioaccessibility analysis was performed in terms of total
phenolic and resveratrol content in CC samples by the
in vitro digestion method described by (Lee et al. 2016)
with some modifications. Synthetic digestion juices were
prepared at the concentrations and pH specified in Sup-
plementary File 1 and 2 includes in vitro digestion steps of
compound chocolate samples.

Experimental design

D-optimal mixture design by a statistical package, Design-
Expert (Stat-Ease Inc. version 7.0, Minneapolis) was used
in order to determine the influence of three independent
variables on the model system properties, consisting of 13
experiments. The D-optimal design is constructed to min-
imize the general variance of the predicted regression
coefficient and maximize the determinant of the informa-
tion matrix which is useful for restricted surfaces
(Spanemberg et al. 2019). The effect of dried grape pomace
(C) replacement by sugar (A) and milk originated powders
(MOP) (B = MP + WP, in equal amounts) on the particle
size and rheological properties, total phenolic content, and
resveratrol content of the CC samples besides in vitro
digestion were evaluated. Component proportions were
expressed as fractions of the mixture with a sum (A +
B + C) of 61 g. Considering results of preliminary sample
preparations and grape pomace using advice of previous
studies (Mildner-Szkudlarz et al. 2012; Ortega-Heras et al.
2019), the quantity of DGP, sugar and MOP were restricted
between 0.0-15.0 g/100 g, 25.0-40.0g /100 g and
6.0-21.0 g/100 g, respectively. Also, the study design and
amount of ingredients were detailed in Table 1.
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Data analysis

Design Expert (Stat-Ease Inc. version 7.0, Minneapolis)
program was used for data analyses. Regression coeffi-
cients of linear, quadratic, cubic and interaction terms were
determined and factors that were insignificant for the
model were removed by backward elimination regression
(P >0.1).

Results and discussion
Characterization of DGP

The amounts of solid, fat, protein and ash were determined
from the DGP samples and were shown in Supplementary
File 3. Before the grinding process, the dry matter could
reach to the desired dry matter content. In addition, glu-
cose, sucrose, fructose, and xylose levels were measured to
determine the sugar profile. In red wine production, fer-
mentable sugars may not be present in pomace because
they are converted to alcohol (Deaimici et al. 2016).
However, the sugar level and composition in the pomace
were found remarkable in this study. The total fat and
protein ratios of the pulp samples are consistent with those
found in previous studies (Deng et al. 2011; Iora et al.
2015). The TPC and resveratrol levels were examined as
bioactive compounds (Supplementary File 3). In the drying
of the grape pomace, the bioactive component should be
taken into consideration and high temperature—time should
not be applied. Therefore, chocolate in which relatively
low heat treatment conditions are applied may be the right
choice for optimal utilization of these bioactive compounds
in the grape pomace composition. A study showed that the
total amount of phenolic compounds of Cabarnet sauvi-
gnon pomace was 51,010 mg GAE/kg which was in
agreement with our study while the ash content was higher
than our result (Jora et al. 2015). However, the amount of
ash in red grape pomace was reported as 8.12 g/100 g
(Zhao et al. 2017). The difference in ash contents may be
related to the mineral profile, soil composition, cultivation
practices, origin and variety (Beres et al. 2019).

Particle of size of compound chocolate

The correct particle size is very important in production of
chocolate products because it has a significant effect on the
textural (Kieran Keogh et al. 2013), rheological (Jolly et al.
2003), color (Mexis et al. 2010), water activity (Konar
2013), and melting properties (Do et al. 2007). Dg, values
of the CC samples were determined between 25.6 and
150.4 um with the highest value at the GCg coded sample
and the lowest particle size at the control sample (Table 2).
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Table 2 The results of particle size, Casson model and melting parameters and bioaccessibility of compound chocolate samples

Samples Particle size (um) Casson model parameters % Bioaccessebility
70 (Pa) npl (Pa s) R? Total phenolic content Resveratrol content

Control 256 £22 221 £0.15 1.37 £ 0.02 0.9882 215.7 -
GC, 1453 £93 3.06 + 0.12 1.76 £ 0.11 0.9898 25.9 79.9
GC, 40.0 £ 3.6 2.29 £ 0.03 1.06 £ 0.01 0.9931 84.0 56.6
GC; 49.0 + 6.7 2.62 £ 0.10 1.36 £ 0.04 0.9917 349 97.0
GCy 73.6 £ 6.5 2.63 £ 0.11 1.60 & 0.30 0.9909 35.0 69.3
GCs 772 £ 6.3 2.66 + 0.04 1.79 £ 0.03 0.9916 35.8 55.5
GG 64.2 + 4.1 2.31 £ 0.09 1.39 £ 0.02 0.9923 338 323
GC, 119.3 + 36.1 2.62 + 0.21 1.98 £ 0.22 0.9926 29.0 17.1
GCy 1504 + 9.7 1.19 £+ 0.01 3.60 £+ 0.09 0.9889 24.8 41.2
GCo 433 +£59 2.30 £ 0.05 1.19 £ 0.01 0.9933 36.1 98.8
GCyo 78.6 £ 6.6 3.09 + 0.13 2.13 £ 0.07 0.9911 233 93.0
GCy, 414 £ 2.7 2.62 £ 0.18 1.56 £ 0.04 0.9894 - -
GCy, 81.7 £ 5.0 2.18 £ 0.04 1.75 £+ 0.00 0.9935 32.3 40.3
GCy3 1475 £ 44 4.12 £ 0.11 1.92 + 0.01 0.9905 25.8 82.3

7o: Yield stress, 1,;: Plastic viscosity, R%: Determination coefficient

The effect of composition on particle size was suc-
cessfully determined by using a quadratic model particle
size: 120.65A + 145.52B + 52.95
C — 186.81AC — 152.39BC, with a high R* value as
0.9431. The model expressing the effect of DGP on the
particle size of CC and lack of fit were found to be
insignificant (P < 0.05). The interaction between two
variables AC and BC on the particle size was identified as
significant (P < 0.05). The interaction between sugar and
milk originated powders (AB), was excluded from the
model by backward elimination regression (BER) since the
effect of the binary combination was insignificant
(P > 0.1). As the amount of DGP increased in the for-
mulation, particle size values increased as well. As seen in
Fig. 1, particle size values were found to be much higher at
the points where the DGP amount was maximum and the
MOP amount was minimum. In a previous study, the result
of particle size in the milk chocolate prepared with lyo-
philized grape powder was demonstrated that grape powder
significantly acts as a bulking agent and increased particle
size (Carvalho et al. 2018). Coarse particles form a sandy
structure and affect the mouth feel, while small particles
determine flow properties (Beckett 2008). Acan et al.
(2021) demonstrated that the DGP particles with irregular
shapes and a high level of particle size distribution have an
important effect on the rheological properties of chocolate
spread. However, during the processing of the grape
pomace, the initial particle size of pomace can be further
reduced by increasing the grinding speed, time or number
of grinding steps.

Flow behaviour

Shear stress values of the CC samples as a function of shear
rate at 40 °C are shown in Supplementary File 4. Due to
the shear stress of the DGP added CC samples against the
applied shear rate, the curve was directed to the x axis. The
apparent viscosity of CC samples decreased against
increasing shear rate which indicated that the CC samples
had shear thinning behaviour. The results were in agree-
ment with the previous study which showed that molten
chocolate had shear thinning behaviour (Toker 2016; Pir-
ouzian et al. 2016, 2017). To determine yield stress and
plastic viscosity, the Casson model which had high R?
values (0.988-0.994) was used according to the standard
method of the International Confectionery Association.
The yield stress and plastic viscosity values were varied
between 1.19—4.12 Pa, and 1.06-3.60 Pa s, respectively.
The effect of grape pomace on yield value and Casson
plastic viscosity of CC samples were explained using cubic
models for yield stress: 2.62A + 4.22B + 2.37
C — 8.31AB — 3.60BC + 24.14ABC and plastic viscos-
ity: 1.84A + 1.81B + 1.18C + 7.02
AB — 22.78ABC — 5.25AB(A-B), with R? values 0.9372
and 0.9343, respectively (Table 3). The model expressing
the effect of DGP on the yield stress and plastic viscosity of
CC and lack of fit value was insignificant (P > 0.05). The
effect of Sugar-MOP (AB) and MOP-DGP (BC) binary
combinations and Sugar-MOP-DGP (ABC) triple combi-
nation of the yield stress value were significant in terms of
the model (P < 0.05). The effect of Sugar-MOP (AB)
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A:Sugar 25g/100g

vf A ] MOP 21g/100g
DGP 1591100y o/

B: MOP 6g/100g Sugar 40g/100g

Particle size (um)

C:DGP 0gi100g

A: Sugar 25g/100g

DGP 15g1100g MOP 21g/100g

B: MOP 6g/100g

Sugar 40g/100g C: DGP 0g/100g

Yield Stress (Pa)

A: Sugar 25g/100g

DGP 15g/100g

B: MOP 6g/100g

Sugar 40g/100g

MOP 21g/100g

C: DGP 0g/100g

Plastic Viscosity (Pa.s)

Fig. 1 Effect of grape pomace on compound chocolate samples on particle size, yield stress and plastic viscosity values

binary combination and Sugar-MOP-DGP (ABC) triple
combination on Casson plastic viscosity were found to be
significant in the model (P < 0.05).

If the sugar is substituted by an alternative substance in
the chocolate composition, the similar flow characteristics
are important for product quality and the efficiency of the
different process steps. However, as the amount of DGP
used in the CC formulation increased, plastic viscosity
value increased. Besides, the decreases in MOP and
increases in DGP and sugar, increased the yield stress. The
rheological properties of CC were influenced by the par-
ticle size of the waste material. Many factors, such as the
amount and distribution of fat in the formulation, the
number of solid particles, the size, and shape of the parti-
cles and the type of emulsifier used, may affect the flow
behaviour of chocolate products (Glicerina et al. 2013).
According to results of this study, the use of DGP in for-
mulation up to a maximum of 10% showed no major
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differences in the Casson viscosity and yield stress values
with conventional chocolate.

Grape pomace improved rheological properties in bak-
ery products (Majerska et al. 2019). It was reported that
replacement of wheat flour by grape seed flour at different
ratios, improved the rheological properties of dough
(Mironeasa et al. 2012). Also, one study demonstrated that
the substitution of flour with white and red grape pulp at
the ratio of 10% and 20% in the muffins prepared with
whole wheat flour, caused changes in the quality parame-
ters that could be associated with the rheological properties
of the dough (Ortega-Heras et al. 2019). The fiber content
and particle size properties of grape pomace can be cor-
related with the results of rheological properties. Also, the
activity of the surfactants used in formulation and coating
the particles with oil has an important effect on the flow
behavior.
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Acan et al. (2021) used 0.23-15.0 g/100 g grape
pomace at the formulation of chocolate spread and mod-
eled the rheological behavior of samples with the Ostwald-
de Waele model. The authors reported the shear-thinning
behavior of chocolate products affecting both processing
and sensory properties. Also, they mentioned that irregular
shapes and a high level of particle size distribution may
affect the rheological properties of chocolate products.

Bonarius et al. (2014) stated that the Casson plastic
viscosity value increased due to the use of grape pomace,
which may be due to the irregular shape of the pomace
particles or the high proportion of small particles resulting
in a high particle surface/volume ratio. Furthermore,
completely substituting sucrose with grape pomace is a
difficult practice due to its effects on rheological proper-
ties. But partial substitution and use of surfactant may
ensure acceptable flow properties.

Bioaccessibility of bioactive compounds
Total phenolic content (TPC)

Pre-digestion TPC results of CC samples ranged between
2789.72 and 12,215.89 mg GAE/kg, post-digestion TPC
results 2299.69-3300.62 mg GAFE/kg and % bioaccessi-
bility values ranged between 23.26 and 4.03%. The pre-
digestion, post-digestion and % bioaccessibility values for
the control sample were 906.73 mg GAE/kg, 1955.45 mg
GAE/kg and 215.66%, respectively. TPC value was found
to be highest as expected in GC;, GC;, GCg and GCj;
which containing the highest DGP (Table 3). Acan et al.
(2021) reported that the TPC content of chocolate spread
enriched with DGP ranged from 3415 to 13,754 mg GAE/
kg and the digestibility of the products was ranged from 25
to 84%. The level of TPC before and after digestion in our
study is slightly lower than the results of Acan et al. (2021)
which may be related to the differences in the formulation.

Generally, fruit-based dietary fibers have a more nutri-
tional value than cereal-derived dietary fibers because they
contain certain amounts of bioactive compounds such as
polyphenols and carotenoids (Mildner-Szkudlarz et al.
2012). In addition, Cabarnet sauvignon pomace has higher
total phenolic, flavonoid, monomeric anthocyanin, and
dietary fiber content and lower antioxidant activity than
some other commonly processed red grape pomace such as
Tanat and Merlot (Iora et al. 2015). Therefore, Cabarnet
sauvignon pomace can be defined as an ideal source for
increasing the TPC content of CC products. Grape pomace
and wine wastes have been successfully used for enrich-
ment the different foodstuffs with TPC components (Maner
et al. 2017).

The phenolic content present in the control sample
comes from cocoa beans. However, origin, post-harvest
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conditions, and chocolate processes have effects on the
TPC and phenolic profile of the final product. As shown in
Fig. 2, a high amount of phenolic substances in CC sam-
ples decreased as a result of in vitro digestion. One study
showed the losses of grape pomace phytochemicals after
in vitro gastrointestinal digestion (Correa et al. 2017).
Alkaline pH, some compounds in the composition, oxida-
tion, and degradation during heat treatment and mixing can
cause losses in phenolic compounds (Mildner-Szkudlarz
et al. 2012).

Health effects of phenolic compounds depend on their
intake in free or bound form. For example, bound phenolics
have chemopreventive activity against colon cancer and
can act as local antioxidants in the gastrointestinal tract.
However free and soluble phenolics are easily absorbed in
the stomach and small intestine, dispersed throughout the
system, and their benefits are related to their scavenging
capacity (Chandrasekara and Shahidi, 2011). Generally, the
undissolved form of phenolic compounds, make a covalent
binding with cellulose, hemicellulose, lignin, and pectin in
the cell wall. The absorption of bound phenolics differs
from free compounds. This absorption is affected by the
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Fig. 3 Effect of composition on total phenolic and resveratrol contents of compound chocolate

structure of the compound, conjugation with other pheno-
lics, molecular size, solubility, and glycosylation. The
partial release takes place in the gastrointestinal lumen due
to the interaction with microorganisms in the gastroin-
testinal lumen, metabolization of compounds by enzymes
and carrier molecules. Approximately 5-10% of dietary
phenolic is absorbed in the small intestine (Beres et al.,
2019).

Besides, grape pomace is an ideal source for fibers and
has many health benefits (Majerska et al. 2019). Lignin as a
dietary fiber is the main fraction of grape pomace (Mildner-
Szkudlarz et al. 2012). Beres et al. (2019) suggested that
the digestive system may act as an extraction system to
increase accessibility and antioxidant capacity of bioactive
compounds. Therefore, the use of dried grape pomace in
the food matrix may be more advantageous compared to
drinking grape pomace extracts in the bioaccessibility of
compounds.

TPC contents of CC samples were explained by using
linear models as TPC before digestion:

11,455.34A + 12,277.01B + 2157.32C, and TPC after
digestion: 3259.17A + 3015.89B + 2158.24C which were
identified as significant (P < 0.05). R* values for TPC
before and after digestion were 0.9885 and 0.6726,
respectively (Table 3). Low R* values after digestion
implied that composition of CC had no influence on pro-
tection or destruction of phenolics in gastrointestinal sys-
tem. Figure 3 showed the effect of composition on the TPC
of CC samples. TPC values of CC samples showed rise
with increasing concentrations of grape pomace.

Resveratrol content

Resveratrol pre-digestion and post-digestion bioaccessi-
bility properties in the compound chocolate matrix were
shown in Table 2 and Fig. 2. Pre-digestion resveratrol
content of CC samples ranged between 85 and 217 pg/
100 g, whereas post-digestion contents and % bioaccessi-
bility values ranged between 37-155 pg/100 g and
17.1-98.8%, respectively. As expected, the amount of
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resveratrol before digestion reached maximum levels in
GC,, GC5, GCg and GC,; samples where DGP was used in
higher amounts than other samples. As shown in Fig. 2, the
amount of resveratrol decreased in in vitro digested CC
samples.

Resveratrol contents of CC samples were explained by
using linear models as resveratrol before digestion:
210.52A + 170.42B + 107.27C — 264.93AC, and
resveratrol after digestion: 29.33A + 151.74B + 33.92
C 4 293.31AC — 185.71BC which were identified as
significant (P < 0.05). As shown in Table 3, R? values for
pre-digestion and post-digestion resveratrol content are
0.7657 and 0.9707, respectively. High R* value for post-
digestion resveratrol content demonstrated that contrary to
total phenolic contents, the ingredients of CC significantly
affect resveratrol digestion in gastrointestinal system.
Figure 3 showed the effect of composition on the resver-
atrol content of CC before and after digestion. Pre-diges-
tion provided higher amounts of resveratrol at high DGP
and low sugar concentrations. After digestion, high DGP
and low MOP resulted in higher resveratrol content. Our
results are in agreement with the results of Acan et al.
(2021) which reported that the bioaccessibility values of
chocolate spread enriched with DGP ranged between 47.6
and 95.7%.

As the concentration of DGP increased, the levels of
TPC and resveratrol in the product increased. Maximum
levels of TPC and resveratrol in the CC samples were
observed at 12.989% and 14.996% DGP concentration,
respectively. Also, an increase in the DGP content of
products caused a significant increase in the particle size
values with the maximum (150.4 pm) at 15% DGP com-
pared with conventional chocolate (25 pwm) which repre-
sents that DGP can act as the bulking agent in the chocolate
formulation.

Conclusion

As a result of developments in the food industry, it has
been determined that national and international companies
have requested to find low-cost bulk materials that can be
used in chocolate and chocolate-derived products. The
availability of inexpensive bulk materials is especially
important in products produced with low cost concerns,
such as compound chocolate. According to their compo-
sition, fruit by-products and industrial wastes can be
defined as low-cost raw materials that can be used to enrich
food formulations. An important advantage is that some of
them may be ready for use only after minimal processing.
In this study, standard reference chocolate was made
without using DGP. The compound chocolate with DGP
was successfully produced and the effect of formulation on
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the different properties of the product was investigated.
Usage of 7.130% to 10.055% DGP in the formulation as a
bulking agent was found as the optimum concentrations of
DGP to produce the optimum final compound chocolate
with the most acceptable rheological properties and a good
level of TPC and resveratrol in the final products. Also,
partially replacement of sucrose, milk powder and whey
powder with DGP can decrease the final cost of chocolate
and provide waste management at the industrial scale.
Besides, it caused decreases in the sugar content and an
increase in the level of natural functional components such
as TPC and resveratrol in the product which can use to
develop functional compound chocolate. However, further
studies are required to modify flow behaviours of com-
pound chocolate by optimization of dry grape pomace in
terms of particle size. Finally, the sensorial organoleptic
evaluation of the final product formulated for successful
commercialization and marketing survey “it is worth to be
buy” as well should be investigated by further studies.
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