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Abstract !
Due to unhealthy lifestyle, Western countries are dealing with pandemic
of overweight and obesity. To tackle the problem, industry has been

looking for solutions to produce nutritionally improved foods. In the
present research, sucrose was fully substituted with xylitol, or by
combination of xylitol and stevia with cocoa shell as a bulking agent.
Apart from reducing caloric value of the sweet spreads, protein, ash,
methylxanthine and phenolic compound contents were increased,
without major influence on fatty acid composition. The spreads with
added cocoa shell may be declared as a source fibre. Although stability
of sweet spreads during storage was not compromised, which is visible
from low water activity (between 0.132 for control sample and 0.233
for sample with 52 % xylitol) and high colloidal stability (above 99),
rheological properties and texture of the spreads deteriorated (increase
of plastic viscosity from 3.708 Pas up to 18.280 Pas and decrease of
spread ability from 1180.43 gs up to 334.670 gs), which could pose
an issue from the technological and sensorial points of view. Overall,
satisfactory products were obtained with potential for further upgrade
for industrial production.
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Introduction

Overweight and obesity are burning issues in
Europe. According to WHO European regional
obesity report 2022," obesity prevalence among age
groups in European countries is as follows: 7.9% of
children under 5 years, app. 33% of school-aged
children, 25% of adolescents and app. 60% of adult
population. Even more worrying is the fact that not
only none of the Member states has reached the
track of halting the obesity by 2025, but the obesity
prevalence is on the rise.

Two compounding driving mechanisms for obesity
are identified in the WHO Report:1 preconception
and gestational exposure, and unhealthy life style
(poor dietary habits and lack of exercise). The latter
one is highly driven by obesogenic environment,
including energy dense foods of poor nutritional
value.

Sweet spreads are one of these foods, largely
consumed by all age groups. They are characterized
by large contents of sugar (app. 50%) and fats
(min 25%), which determine high caloric value of
the products. On the other hand, they have minor
contribution in the intake of nutritionally valuable
compounds, such as vitamins, minerals and non-
essential bioactive compounds.

According to the Market Data Forecast,? chocolate
based sweet spreads became the second most
popular spread on the global market, with significant
raise of sales in recent years. The increased
purchase power of adult population, which buy
the products for themselves, the consumption “on
the go”, and developing “ready-to-eat” products
containing chocolate based sweet spreads are
among main reasons of growth of the chocolate
based sweet spreads market. Additionally, chocolate
based sweet spreads have become an integral part
of breakfast menus, slowly pushing out jams and
marmalades.

Since the consumers’ habits are hard to influence,
there is obvious need for improvement of the
nutritional value of sweet spreads, as well as
other foods of poor nutritional value preferred by
consumers. Recently, different approaches have
been involved, from the substitution of fat with
fibre,® aerogels,* or oleogels,® enrichment of sweet
spreads6 to replacement of sucrose.’
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In this research, cocoa sweet spreads in which
sucrose was fully substituted were produced in
laboratory conditions. Firstly, sucrose was replaced
by xylitol, natural sugar replacer obtained from
birches. It has sweetness similar to sucrose and
replaces it in 1:1 ratio. It gives 240 kcal per 100
g, which is app. 60% of caloric value of sucrose.
Additionally, it has been reported that xylitol has
caries-preventive properties. It has advantage over
other polyols as well, due to reducing proportions
of mutans streptococci in plaque in addition to non-
fermentability by dental plaque.®

In the following step, stevia and cocoa shell were
used to replace 10, 20, 30, 40 or 50 % of xylitol,
respectively. Cocoa shell is a by-product of the
chocolate industry, as a bulking ingredient in cocoa
based sweet spread. Proximate composition of
cocoa shell is: proteins 116 — 181 g/kg, fat 20.2 — 181
g/kg, dietary fibre 504 — 606 g/kg (with one reference
“not detected”), carbohydrates mostly not detected,
with one reference reporting 178 g/kg, ash 73 — 114.2
g/kg.® These values show the potential of cocoa
shell for improvement of nutritional values of cocoa
spreads. Stevia was used to adjust the sweetness
of the product, since it is 200 — 350 times sweeter
than sucrose and may be used in small quantities.

Materials and Methods

Cocoa shell was obtained after deshelling roasted
cocoa beans in industrial conditions. Sugar
(Viro, Croatia), xylitol (Nutrigold, Finland), stevia
(Nutrimedica, Croatia), hazelnut paste (DGF,
France), cocoa powder (Kandit, Croatia), coconut
oil (Zvijezda, Croatia), milk powder (26% milk fat)
(Dukat, Croatia), lecithin (A.C.E.F., Italy) and salt
(Solana Pag, Croatia) were purchased in local
stores.

Sample Preparation

Two control samples without cocoa shell were
produced: one with sugar (52%) and one with xylitol
(52%). In subsequent samples, part of xylitol (10,
20, 30, 40 or 50%) was replaced by a combination
of cocoa shell and stevia. Stevia was used to adjust
the sweetness, since it has much larger sweetness
than sucrose and xylitol. The aim was to completely
replace sucrose used in the recipe and to increase
the content of dietary fibre, while maintaining desired
firmness and spreadability of the spreads.
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Recipes of the spreads are shown in Table 1.

Table 1: Recipes of cocoa based
sweet spreads

Cocoa Hazelnut Cocoa Sweetener
powder paste shell (%)
(%) (%) (%)
NO 6.3 17 - sugar: 52.0
N6 6.3 17 - xylitol: 52.0
N5 6.3 17 5.1792  xylitol: 46.8
stevia: 0.0208
N4 6.3 17 10.3576  xylitol: 41.6
stevia: 0.0424
N3 6.3 17 15.5376  xylitol: 36.4
stevia: 0.0624
N2 6.3 17 20.7168 «xylitol: 31.2
stevia: 0.0832
N1 6.3 17 25.8960 xylitol: 26.0
stevia: 0.104

(All samples contained 10% palm oil, 10% coconut
oil, 4.1% milk powder, 0.4% lecithin (emulsifier),
0.1% vanillin and 0.1% salt.)

Cocoa spreads were produced in the laboratory
ball mill equipped with circulating water bath for
maintenance of the temperature at 50 °C. Shearing
speed was set to 60 RPM, and 3 kg of stainless-
steel balls suitable for chocolate production were
used for production of 500 g of cocoa spread. After
the addition of the balls to the mill, raw materials
were added following the order: palm oil, coconut
oil, cocoa shell (when used), hazelnut paste, milk
powder, cocoa powder, salt, xylitol, stevia. An hour
before the end of milling lecithin was added, and
30 min prior to the end vanillin. When cocoa shell
was used, it was mixed for 30 min with fats prior to
the addition of other ingredients, in order to reduce
the particle size of the shell. Processing time after
the addition of hazelnut paste, milk powder, cocoa
powder, salt, xylitol, stevia was 3 h.

Chemical Analyses

Protein content was determined according to ISO
5983-2:2005'"° method (Kjeldahl method with factor
of conversion 6.25), dietary fibre according to AOAC
991.43" method (soluble, insoluble and total dietary
fibre using Megazyme® kit) and ash according to
ISO 5984:2022"2method (at 550 °C). Measurements
were done in 2 replicates.
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Total phenolic compounds (TPC) were determined
by original® and modified' spectrophotometric Folin-
Ciocalteu method. TPC is commonly determined
using Folin-Ciocalteu reagent, with addition of
Na,CO,. However, sugars interfere with the results
of spectrophotometric measurement, and modified
method, in acidic conditions, gives more reliable
results, as we have previously shown on chocolate.
Phenolic components and methylxanthines were
determined as described previously.' Briefly,
samples were defatted with n-hexane, dried and
phenolic components and methylxanthines were
extracted with 70% methanol with ultrasonication.
Analysis was performed on liquid chromatographic
system with photodiode array detector (Shimadzu
Corporation, Japan). All measurements were done
in 3 replicates.

Fatty acid profile was determined after the extraction
of lipids by Folch," which is commonly used method
for extraction of lipids from biological samples.'
The extraction was performed with the mixture
of HPLC grade solvents: chloroform : methanol
(2:1), using the volume 20 times of the mass of
the sample, with mixing for 20 min at 400 rpm (IKA
KS 260 Basic, Germany) at ambient temperature.
Liquid phase was separated by filtration through
filter paper, washed with 0.9% NaCl solution and
left until layers separated. The upper layer was
removed using micropipette and the chloroform
from the bottom layer was evaporated at rotavapor
(Laborota 4010, Heidolph Instruments; Germany)
at 60 °C. The residue was dried in the laboratory
oven (Binder FED 53, USA) at 105 °C until constant
mass. Methyl esters were prepared according to
Annex X.B of Commission Regulation No 796/2002"°
and analysed at gas chromatograph (Shimadzu
GC-2010 Plus) with flame-ionisation detector (FID).
Carrier gas was nitrogen, injector temperature 240
°C, separation ratio 1:100, injection volume 2 pL.
Column (FAMEWAXTM, 30 m x 0.32 mm x 0.25 ym)
temperature was set to 120 °C for 5 min, increased
to final temperature 220 °C (5 °C/min), which was
held for 20 min. Temperature of the FID was 250
°C. Flow rate of hydrogen was 40 mL/min, air 400
mL/min, and make-up gas (nitrogen) 30 mL/min.
Identification of FAME was done with reference
standard (Supelco FAME Mix, C4-C24, St. Louis,
USA), and results were expressed as % of identified
fatty acid in total fatty acids. Measurements were
done in 3 replicates. Values for SFA (short-chain
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fatty acids), MUFA (monounsaturated fatty acids),
PUFA (polyunsaturated fatty acids) were calculated
as the sums of mean values, and SFA:MUFA
and SFA:PUFA, IA (index of atherogenicity) were
calculated from the sums of mean values for
detected fatty acids.

Physical Properties

Water activity was measured using HygroLab 3
(Rotronic) in 2 replicates, because it is directly
linked to susceptibility of food to microbial spoilage.
It is considered that growth of microorganisms is
inhibited in foods with water activity of 0.85 and
below.?°

Rheological properties, texture and particle size of
foods are directly related to its sensory properties.?'2
Rheological properties (Casson yield stress and
Casson plastic viscosity) were determined using
rotational rheometer Rheo Stress 600 (Haake,
Germany). Sweet spreads were melted at 40 °C,
and the rheological properties were measured at
the same temperature. During first three minutes
shearing speed was increased from 0 s-1 to 60 s-1,
kept for 1 min at 60 s-1, and reduced to 0 s-1 during
the last three minutes of analysis. Via computer
software, values for Casson yield stress (Pa) and
Casson plastic viscosity (Pas) were obtained.

Texture properties (firmness and spreadability)
were determined using TA.XT Plus texture analyzer
(Stable Micro System) with TTC Spreadability Rig,
and 5 kg load cell. Measuring speed was set to
3 mm/s, and height 25 mm. All measurements
were done in 5 replicates. The values for firmness
(maximum force, g) and spreadability (area below
the curve, gs) were obtained from the plot generated
by the analysis software.

Density (g/cm?®) was determined by weighing the
known volume of the sweet spread. All measurements
were done in 3 replicates.

Colloidal stability was determined as follows. 15 g
of the sweet spread was heated in water bath at 80
°C for 30 min and cooled to ambient temperature
during 15 min. Cooled samples were centrifuged
(Centrifuge Centra MP4P, IEC, USA) at 2900 g and
20 °C for 20 min. The separated oil was decanted
and the residue was weighed. Colloidal stability (CS)
was calculated using the Eq. 1. All measurements
were done in 2 replicates.

CS = (m2 - m1) x 100 (1)
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Where: m2, mass of the sample without oil (g); m2,
initial mass of the sample (15 g).

Statistical Analysis

For each examined parameter, the average value
and standard deviation are calculated, and the
results are presented in tables and graphics.
Statistical data processing was performed using
the computer programs STATISTICA (StatSoft)
and Microsoft Excel 2016, with p < 0.05. Similarity
of the nutritionally improved sweet spread samples
to control sample (NO) was determined using R
software. Based on mean values of the results
of physicochemical, biological and rheological
parameters; Cosine, Euclid, Manhattan and
Maximum distances were calculated as the
measures of similarity/dissimilarity. The higher
value of distance presents more similarity to control
sample.

Results and Discussion

All samples contained app. 30% of total lipids (results
not shown). The amount of protein ranged from
5.944% in the control sample with sucrose (NO) to
10.243% in the sample with 50% replacement of
xylitol (N1) (Table 2). The amount of protein in control
sample with sucrose (NO) and the control sample
with xylitol (N6) was very similar, as expected, since
the only difference between these samples is in
the sweetener, and the sources of protein in these
samples are cocoa powder, hazelnut paste and milk
powder. Other authors reported between 6.1 and 6.4
g/100 g of protein in commercial and laboratory-made
chocolate spreads,?® and 6.54% protein in functional
chocolate spread.?* In the present research, these
values are exceeded already with the addition of
app. 5 % cocoa shell, and with the maximum amount
of app. 25% of cocoa shell, the amount of protein
raised to 10.243%, which is the increase by 72%.
However, this is still below the limit for declaring food
as a source of protein. Protein contents of cocoa
bean shell is similar to the proteins of cotyledons
(part of the bean used in the production of cocoa
products), and it varies significantly, depending on
the cocoa bean variety and origin. For example,
178.0 g/ kg,?® and 10.30—-27.40 g/ 100 g* have been
reported. Fermented cocoa nibs contain 287 mg of
essential amino acids/g crude protein, with predicted
protein efficiency ratio of 2.55 and essential amino
acid scores between 0.43 (for Met + Cys) and 0.96
(for Lys) compared to whole hen’s egg,?” showing
a satisfactory quality of protein, compared to the
standard value of 2.7.28
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Table 4: Fatty acid profile of cocoa sweet spreads
Fatty acid NO N6 N5 N4 N3 N2 N1
(% of total fatty acids)

ce6:0 0.22+0.00  0.17+0.01 0.19#0.01 0.18%+0.01 0.18+0.02 0.18+0.01 0.16+0.00
C8:0 2.11+0.03 1.65+0.06 1.80+0.08 1.71+0.03 1.66+0.10 1.74+0.02 1.46+0.02
C10:0 1.64++0.02 1.26+0.06 1.50+0.21 1.31+0.03 1.284+0.06 1.33+0.01 1.12+0.01
C12:0 13.41£0.17 10.62+0.30 11.22+0.38 10.73+0.16 10.52+0.27 10.78+0.07 9.47+0.03
C14:0 5.54+0.01 4.68+0.09 4.76x0.10 4.66+0.05 4.64+0.04 4.64+0.04 4.37+0.02
C16:0 20.26+0.80 19.80+0.13 19.63+0.03 19.73+0.14 20.01+0.33 20.05+0.13 19.88+0.04
C16:1 0.15+0.01 0.14+0.01  0.15+0.00 0.15+0.00 0.16+0.01 0.17+0.01 0.17+0.00
C18:0 4.07+0.09 4.50+0.04 4.45+0.01 4.56+0.05 4.61+0.03 4.71+0.03 5.02+0.01
C18:1n9c+t 44.83+0.70 48.891+0.58 48.13+0.51 48.69+0.23 48.65+0.09 47.84+0.04 49.42+0.07
C18:2n6¢c 7.2840.03  7.75+0.06 7.64+0.04 7.71+0.05 7.75+0.03 8.03+0.08 8.36+0.05
C18:3n3 0.12£0.02  0.14+0.01 0.14+#0.01 0.14£0.02 0.15+0.03 0.11+0.02 0.13+0.01
C20:0 0.18+0.00 0.21x0.00 0.18+#0.05 0.21+0.01 0.21£0.01 0.22+0.01 0.24+0.00
C20:1 0.10£0.01 0.10£0.00 0.11+0.01 0.10+£0.00 0.10+0.00 0.11+0.01 0.11+0.01
C22:0 0.09+0.01 0.10£0.01  0.11£0.01  0.11+0.02 0.09+0.01 0.09+0.01 0.1040.01
SFA 47.52 42.98 43.83 43.20 43.19 43.73 41.81
MUFA 45.07 49.13 48.38 48.94 48.90 48.12 49.69
PUFA 7.4 7.88 7.78 7.85 7.89 8.14 8.49
SFA:MUFA 0.94 1.14 1.10 1.13 1.13 1.10 1.18
SFA:PUFA 0.15 0.18 0.17 0.18 0.18 0.18 0.20
1A 0.74 0.62 0.64 0.63 0.62 0.63 0.59

NO, sample without cocoa shell with 52% sugar; N6, sample without cocoa shell with 52% xylitol; N5 sample w
ith 10% xylitol replaced by cocoa shell and stevia, N4 sample with 20% xylitol replaced by cocoa shell
and stevia, N3 sample with 30% xylitol replaced by cocoa shell and stevia, N2 sample with 40% xylitol
replaced by cocoa shell and stevia, N1 sample with 50% xylitol replaced by cocoa shell and stevia; values
for SFA (short-chain fatty acids), MUFA (monounsaturated fatty acids), PUFA (polyunsaturated fatty acids),
SFA:MUFA and SFA:PUFA, IA (index of atherogenicity) were calculated from the sums of mean values for
detected fatty acids.

Table 5: Physical properties of cocoa sweet spreads

Sample Casson Casson Firmness Spreada- Density Colloidal
yield stress plastic visco (9) bility (gs) (g/cm3) stability
(Pa) -sity (Pas)
NO 6.385 3.708 1762.220+£35.990 1180.430+£24.020 1.266+0.007 99.430+0.030
N6 26.01 2.792 465.650+17.050 334.670+18.580 1.217+0.002 99.300+0.030
N5 22.21 3.002 711.240424.050 486.780+17.410 1.213+0.004 99.330+0.000
N4 20.58 3.847 525.090+11.860 343.280+8.820 1.220+0.001 99.10040.030
N3 18.28 18.28 891.4004£25.520 654.010+47.020 1.206+0.006 99.400+0.130
N2 24.01 4.447 921.610£24.180 672.700+53.000 1.217+0.008 99.300+0.170
N1 26.68 7.380 1100.230+18.000 837.310+49.640 1.181+0.013 99.170+0.100

NO, sample without cocoa shell with 52% sugar; N6, sample without cocoa shell with 52% xylitol; N5 sample
with 10% xylitol replaced by cocoa shell and stevia, N4 sample with 20% xylitol replaced by cocoa shell and
stevia, N3 sample with 30% xylitol replaced by cocoa shell and stevia, N2 sample with 40% xylitol replaced
by cocoa shell and stevia, N1 sample with 50% xylitol replaced by cocoa shell and stevia
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Fig. 1: Statistical analysis of similarity of the samples N6 (without cocoa shell with 52% xylitol),
N5 (with 10% xylitol replaced by cocoa shell and stevia), N4 (with 20% xylitol replaced by cocoa
shell and stevia), N3 (with 30% xylitol replaced by cocoa shell and stevia), N2 (with 40% xylitol
replaced by cocoa shell and stevia), N1 (with 50% xylitol replaced by cocoa shell and stevia)
to the control sample (N0), expressed through cosinus (enlarged in the 2nd graph), Euclid,
manhattan and maximum distance from the control sample

Total fibre content of the control samples (NO and
N6) was app. 3.3% (Table 2). The amount doubled
already with 10% replacement of xylitol with
cocoa shell and stevia (N5), and at the maximum
replacement (N1) it was 18.375(+0.229)%, which
presents the increase by 443%. 9.8 g fibre/100
g of laboratory made chocolate spread has been
reported, with no fibre reported in commercial
sample.® All spreads with cocoa shell may be
declared as products rich in fibre, since they exceed
the limit of 6 g fibre/100 g of the product. The majority
of fibre in all samples, but esp. when cocoa shell
was used, came from insoluble fibre, which increase

faecal bulk and faecal nitrogen excretion due to
increased excretion of cell bound protein.?® Even
at the smallest proportion of added cocoa shell, the
content of insoluble fibre nearly doubled, and at the
maximum level it increased 5 times. Soluble fibre
was even more affected: the contents increased 2.5
times by the addition at the lowest, and 5.8 times
at the highest level of addition. Soluble fibres are
fermented by colonic bacteria, they absorb water
and thereby influence the intestinal motility and
microbiota in the colon.?® McBurney?®° distinguishes
nutritional benefits of fibre-rich foods in small and
large intestine. In the small intestine, fibre delay
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gastric emptying and digestion and absorption
of nutrients into the bloodstream. The amount of
digesta entering the large bowel is increased, thus
stimulating bacterial fermentation, production of
short-chain fatty acids and increasing faecal mass.
Consequently, the postprandial satiety is increased,
glycemic control improved, insulin resistance and
obesity prevented.

Ash contents also increased by the substitution with
cocoa shell and stevia (Table 2). In our previous
study,® we determined significant amounts of Zn
(32803.3% pg/kg), Cu (50180 pg/kg), Mn (53133.33
pg/kg), Ca (1139.99 mg/kg), Fe (1708.57 mg/kg), Mg
(3995.37 mg/kg) in cocoa shell. All these elements
have significant role in maintaining health, from
metabolic to immune effect and cell growth. For
example, they are important in brain function: Zn
is glutamatergic neuron receptor modulator, Fe
contributes in myelin synthesis, Ca is important
for neurotransmitter release, Cu, Zn and Mn are
cofactors for antioxidant enzymes, and Cu is
involved in dopamine, norepinephrine synthesis,
activation and release of neuropeptide hormones.
In addition, Ca is, along with P, important in the
crystalline matrix of bones, it stabilises membranes,
activates muscle contractions etc. Mg is the fourth
most abundant mineral in the body, deposited in
bones and muscles. Along with the control of muscle
function, it is important for control of hypertension,
diabetes and other nutritionally related disorders.
The majority of Fe in human body is located in blood
cells and app. 80% of daily Fe intake is used for
haemoglobin synthesis.*? Taking into consideration
recommended daily intake of these elements, the
sweet spreads produced in this research could
significantly contribute to their daily intake, even
though this is a type of product that should be
consumed in smaller amounts.

Another nutritional benefit of sweet spreads produced
in the present research is the increase of phenolic
compound contents (Table 3). The difference in total
phenolic compounds determined by classical Folin
Ciocalteu method is not so pronounced (2.31 mg
GAE/g in the classic recipe compared to 3.65 mg
GAE/g in the sample with the highest proportion of
cocoa shell and stevia). However, when the method
disannulling influence of reducing sugars on the
result is applied (TPC modified), the difference
is more visible. The amounts of caffeic acid and
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epicatechin gallate nearly doubled by the maximum
substitution with cocoa shell and stevia. Contents of
gallic acid, catechine and epicatehine also increased,
whereas the content of p-coumaric acid decreased
(Table 3). Compared to TPC content in control
chocolate spread of 19850 mg/kg reported by other
authors,*® sweet spreads in the present research are
significantly better sources of polyphenols. Although
not essential elements, cocoa polyphenols have
important nutritional role and, according to EFSA3
they contribute to maintenance of cardiovascular
health and healthy blood pressure. Although results
of studies of effect of cocoa polyphenols on human
adults are inconsistent, cocoa polyphenols have
ameliorated non-alcoholic fatty liver disease in
obese mice,* have had protective effect on auditory
senescent cells and prevention of hearing loss in
vitro,* and it has been reported that “bioactive cocoa
metabolites can enhance gut health, displaying anti-
inflammatory activities, positively affecting immunity,
and reducing the risk of various diseases”.®”

Methylxanthines are another group of biologically
active compounds, with two components represented
in cocoa: theobromine and caffeine. The contents
of theobromine in the present research varied from
3.022 mg/g in the control sample to 4.129 mg/g in
the sample with the highest proportion of cocoa
shell (Table 3), whereas caffeine contents varied
from 0.253 mg/g (control) to 0.503 mg/g (sample
with the highest proportion of cocoa shell). It has
been established that methylxanthines enhance
concentration and arousal levels, due to action
on adenosine receptors in the central nervous
system. In addition, it has been reported that
theobromine may be used as a cough medicine,®
caffeine has been reported for having decreasing
effect on hypoxic depression of breathing and that
combination of theobromine and caffeine act as a
bronchodilatator, easing the symptoms of apnea of
prematurity and asthma. The proportions of these
methylxanthines in cocoa are such that they have
psycho-stimulant effect, but the cocoa consumption
is not linked to sleeping disturbances. There are
evidences that theobromine from cocoa increases
plasma HDL and decreases plasma LDL cholesterol
levels.®®

All of the above changes in chemical composition
(protein, fibre, ash, polyphenolic compounds,
methylxantines) are the result of cocoa shell addition.
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It is evident that substitution of sucrose with cocoa
shall and stevia results in larger nutritional benefit
compared to substitution of sucrose with xylitol,
which contributes only to energy reduction, without
significant influence on the proximate chemical
composition, reported also by Rad and Pirouzian.*®

Considering the fact that sweet spreads are high-
fat products, and that the composition of fatty acids
highly influence the effect of fats on health, we
analysed fatty acid profile of the spreads (Table 4).
The addition of cocoa shell resulted in decrease of
contents of medium- and long-chain saturated fatty
acids, with the exception of docosanoic acid, which
was not influenced by the substitution, just like
palmitoleic and eicosenoic acid among unsaturated
fatty acids. Linoleic acid content was also similar in
all analysed samples, while palmitic acid content
slightly decreased by the addition of cocoa shell,
although not significantly. However, resulting ratios
od saturated (SFA), monounsaturated (MUFA) and
polyunsaturated fatty acids (PUFA) in cocoa sweet
spreads was kept at the same level in all samples,
app. 1:1.1:0.18. This is not in line with recommended
balance of 1:1.3:1 (SFA:MUFA:PUFA). However,
Chen and Liu*° claim that short- and medium chain
fatty acids (C4:0, C6:0, C8:0, and C10:0) do not
influence LDL levels due to rapid oxidation to acetyl-
CoAin the liver, while C12:0, C14:0, and C16:0 can
increase the cholesterol concentration in serum.
Therefore, one of the indicators they propose is
index of atherogenicity, calculated from the formula:
IA=[C12:0 + (4 x C14:0) + C16:0]/=UFA. The lower
IA, the lower atherogenicity of food. In our samples,
IA values ranged from 0.59 to 0.74, which is lower
than lamb meat (1.1 — 1.34) or cow milk (2.2 — 4.6),
and in narrower range than chicken meat (0.28 —
1.69), for example.®® However, IA also has some
imperfections and should not be used as a sole
indicator of nutritional quality of fat.

When developing new product, other than nutritional
quality, sensory properties are very important, in order
to make the product appealing to consumers. Among
them, physical properties that determine the ease
of consumption (spreadability, chewiness) are highly
influential. Therefore, we determined rheological
(Casson yield stress, Casson plastic viscosity) and
textural properties (firmness, spreadability), and
density of the products. From the results presented
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in Table 5, it is visible that substitution of sucrose
resulted in much larger stress needed for the
spreads to start the flow, with the most pronounced
effect of xylitol addition (Casson yield stress of
26.01 Pa compared to 6.385 for the control sample).
Combining cocoa shell and stevia did not show any
trend, but in majority of cases, Casson yield stress
of the samples with these components was lower
than in the sample with sole xylitol. Homayouni Rad
and Pirouzian®® also reported increase of Casson
yield stress viscosity by substitution of sucrose with
maltitol, xylitol and galactooligosaccharide (GOS)
in chocolate, but they observed the most prounced
effect when GOS was used. Casson plastic viscosity
of the samples with cocoa shell was higher than both
of the control samples — sucrose (NO) and xylitol
(N6) and this is the property that directly influences
mouthfeel of the spread. Namely, it shows how
easy material flows once it has started to flow and
will be reflected through sensation of stickiness
in the mouth. Homayouni Rad and Pirouzian39
reported the increase of Casson viscosity by
substitution of sucrose with maltitol, xylitol and
galactooligosaccharide (GOS) in chocolate, with
the most pronounced effect of GOS. Apparently,
flow properties are influenced by particle size —
smaller particles have larger surface area, making
them less coverable by cocoa butter. Additionally,
hydroxyl groups may absorb water and/or form
macromolecules through inter- and intra-molecular
interactions, and thus elevate viscosity. Although
samples with cocoa shell in our research had larger
particle size (results not shown), fibre in the shell
have influenced viscosity as macromolecules. Water
activity of samples with sucrose substitutes was
slightly higher than the one of the control sample,
which also contributed to viscosity increase, as
reported by other authors,*' who attributed higher
viscosity values to higher moisture contents in
chocolates with polyols. Viscosity increase caused
by xylitol has been associated to its hygroscopicity,
crystallinity and specific surface area, along with
the higher solid volume.*> The same authors also
stated that increase of temperature during conching
activated hydrophilic active sites and caused
agglomeration of the hydrophilic particles, since fat
phase is hydrophobic.

The textural properties improved by the substitution
of sucrose, although both firmness and spreadability
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values generally increased by the increase of
proportion of cocoa shell. This was to be expected
since the high amount of fibre had been introduced
into the product. For example, the increase of
sweet spread stiffness was observed after the
addition of fiber-rich currant pomace,*® and increase
of hardness and reduced spreadability of sweet
spreads with apple pomace used as a substitute
for sucrose.” The addition of fibre increases the
amount of total solids, and the affinity of the product
for moisture, which additionally contributes to the
increase in hardness. The influence of substitution
on density and colloidal stability (Table 5), as well as
water activity (Table 2) was not pronounced, which is
a positive characteristic, from technological point of
view. Low water activity shows high stability towards
microbial spoilage, while high colloidal stability
shows low tendency of fat to leek to the surface,
which in turn keeps fat in limited contact with oxygen
and slows down the oxidation.

All recipe changes influenced the properties of the
cocoa spreads (Figure 1). The Euclidian, Manhattan
and maximum distances are influenced by the large
values of some analysed properties, which is avoided
by the cosinus distance, however, all used methods
show similar trend: N1<N2<N3<N5<N4>N6, with
cosinus distance showing approximately same
values for N1, N2 and N3, revealing of the potential
of further development of these products.

Conclusion

In the present research, sucrose in cocoa sweet
spreads was fully substituted with natural sweeteners
(xylitol and/or stevia), with cocoa shell as a
bulking agent. The sucrose substitution resulted in
decrease of caloric value of the products, and the
cocoa shell introduced fibre, increased contents
of protein, phenolic and mineral components,
and methylxanthines, which, in the end, improved
the nutritional quality of the spreads. However,
although the sweet spreads with the addition of
cocoa shell may be declared as sources of fibre,
the exact nutritional benefit regarding this nutrient is
questionable, taking into account the recommended
portions and frequency of intake of this type of food.
In addition, rheological and textural properties of
the product were significantly changed, posing
potential technological issues. Namely, products with
increased viscosity require more energy for pumping
and flowing, which influences production costs.
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In addition, they are directly linked to consumer
preferences. Although consumers may be willing
to compromise sensory properties of foods with
nutritional benefits, the quality of the products should
be as high as possible. Therefore, further research
regarding the adjustment of these properties by the
selection of different fats and/or milk components,
as well as emulsifier should be conducted. It is well
established that fats with lower melting points and
milk fat increase spreadability, while emulsifiers,
such as PGPR, may additionally improve rheological
properties of the spreads. However, there is potential
of different interactions between ingredients, and
finding their optimal combinations will yield optimum
results.
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