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Abstract: Chocolate toppings are confectionery products comprised of non-fat dark cocoa solids
and sugar particles dispersed in cocoa butter, as a continual matrix. On the other hand, dark cocoa
toppings contain cocoa powder and sugar dispersed in vegetable fat that is cheaper than cocoa
butter, but with adequate characteristics. Also, with the addition of a 7% non-fat milk fraction, this
product is regarded as a milk cocoa topping. This kind of product, dark and milk cocoa toppings,
does not demand long-term conching or tempering. This study aimed to determine and compare the
impact of the production process on rheology, particle size distribution and content of moisture,
fats, sucrose and lactose. Based on the rheology properties, it was found that the values of the
Casson and linear viscosity of the samples produced using a five-roll mill and conching were lower
compared to those produced using a ball mill. Regarding particle size distribution, the results
showed that the volume-weighted mean parameter D (4,3) was lower for the milk and dark cocoa
confectionery topping produced in the ball mill. Additionally, the values of the yield stress in
samples produced in the ball mill were 2-fold higher for the milk cocoa topping and 4.5-fold higher
for the dark cocoa topping compared with the values of the samples produced using the five-roll
mill and conching. The near-infrared spectroscopy (NIRS) analysis did not show any significant
difference among the samples. It can be concluded that the difference between the samples
produced in the ball mill and the five-roll mill and conching exists and that the ball mill can be
used for the production of high-quality cocoa toppings thus providing a shorter time of production.
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INTRODUCTION

Chocolate and products similar to chocolate
are popular confectionery products recognized
and consumed worldwide. In 2020, the market
for this type of product was estimated to be
worth £6.7 billion in the UK, which is a £200
million increase compared to the report from
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2019 (Euromonitor, 2019). Chocolate toppings
are a mixture of dry powder ingredients such
as sugar and cacao with cocoa butter, stabi-
lizers and aromas (Rulebook, 2019a). Because
of the increase in demand for this kind of pro-
duct and the price of cocoa butter which repre-
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sents a main fat phase in the chocolate topping,
it was necessary to use cheaper vegetable fats,
with specific properties that would minimally
influence the quality of the produced toppings
by decreasing it (Jahurul et al, 2013; Naik &
Kumar, 2014). The alternative fats to cocoa
butter were palm, palm kernel, and coconut oil,
because of their fatty acid composition and
properties similar to cocoa butter (Talbot,
2015). However, products similar to chocolate,
like cocoa toppings were accepted by the con-
sumers which opened the market for this type
of products. The main difference between cho-
colate and cocoa toppings is in the selected fat
phase and the content of cocoa solids (Lon-
champt & Hartel, 2004). Dark cocoa toppings
are a mixture of powdered sugar and cacao
combined with cheaper vegetable fat, with a
minimum of 4% fat-free cocoa particle dry
matter and at least 25% of the total fat. Addi-
tionally, the second type of cocoa topping is
milk cocoa topping which according to the
Rulebook of the Republic of Serbia has to con-
tain at least 4% fat-free cocoa solids, at least
25% total fat, and at least 7% milk non-fat so-
lids (Rulebook, 2019b).

Cocoa toppings are mainly produced using a
five-roll mill for grinding the mass and con-
ching to develop a pleasant aroma and flavour.
The optimal size of the ground particles can be
achieved using the five-roll mill which consists
of five smooth, steel rolls. The obtained results
of the particle size values will depend on the
selected values of the speed of the rollers and
the thickness of the mass layer between the
rollers.

The optimal particle size distribution is bet-
ween 15 — 30 um. The conching represents a
process in which cocoa mass is mixed and ho-
mogenized for a long period to develop aro-
matic compounds and optimize the rheo-
logical properties of products (Beckett, 1999;
Pajin, 2014, Loncarevic¢ et al., 2019). Since the
process that includes using a five-roll mill and
conching is long-lasting, it was necessary to
find another process that would require less
time for the production of cocoa toppings.

The ball mill is a one-part equipment used for
the grinding and mixing of the cocoa mass,
typically vertical or horizontal cylinders,
equipped with a rotating shaft with arms cen-
trally placed. About 60-80% of the available
volume is filled with grinding media in the
form of balls that can be produced out of steel,
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ceramics, or some other material allowed for
use in the food industry. The filling material
was weighed and then placed in the grinding
chamber to form a suspension and subse-
quently ground by compression and shear. Ad-
ditionally, a ball mill must contain a system for
recirculation of the mass to achieve the optimal
values for the particle size. Cocoa mass passes
through a layer of steel balls that rotate along a
rotating shaft with arms (Alampresse, Datei &
Semeraro, 2007; Pajin, 2014). A temperature
control system (made up of a water jacket
equipped with temperature sensors and ther-
mos-regulators controlled by an electric board)
allows the initial melting of solid fats and en-
sures that the product does not suffer thermal
damage, such as a burned aroma or milk deri-
vative decay, and it performs the substitutive
action of traditional conching (Ziegler &
Hogg, 1999).

To date, no scientific literature sources have so
far published any results that involve testing
the influence of different milling technologies
on the quality of produced cocoa toppings,
only for fat fillings (Loncarevi¢ et al., 2017).

This study aims to examine and compare the
obtained results of produced cocoa toppings,
dark and milk, using different milling techno-
logies regarding the particle size distribution,
rheological properties, content of moisture, fat,
sucrose, and lactose. Additionally, this study
aimed to determine the impact on the quality of
the produced samples and the possibility of re-
placing two-part equipment, the five-roll mill
and conching with the one-part equipment, the
ball mill.

MATERIALS AND METHODS

Material

Dark cocoa topping (DCT) consisted of sugar
powder (54.47%), hydrogenated stearin from
palm kernel as a fat phase (26.83%), cocoa
powder (16.77%), lecithin and polyglycerol
polyricinoleate (0.6%) and sorbitan tristearate
(0.98%).

On the other hand, milk cocoa topping (MCT)
consisted of sugar powder (50.89%), hydro-
genated stearin from palm kernel (28.73%),
milk powder (13.98%), wvanillin (0.1%),
lecithin and polyglycerol polyricinoleate
(1.05%) and sorbitan tristearate (0.98%).
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Ingredients were kindly provided by the Barry
Callebaut industry.

Preparation of dark and milk cocoa topping

Laboratory samples, dark and milk cocoa top-
pings, were produced at the Barry Callebaut in-
dustry (Novi Sad, Serbia) under industrial con-
ditions, using the five-roll mill and conching.

At first, dry conching lasted one hour at the
temperature of 65 °C, and the next step was the
wet conching which lasted for another 30 mi-
nutes at 55 °C.

The complete process lasted for 2.5 hours. Ad-
ditionally, the analysed samples, dark and milk
cocoa toppings were produced using a labo-
ratory ball mill at a temperature of 60 °C for
1.5 hours with the maximum speed of the mi-
xer which is an integral part of a ball mill. In-
gredients were the same for both batches.

Determination of particle size distribution
of dark and milk cocoa toppings

Particle size distribution (PSD) of produced
toppings was determined using a Mastersizer
2000, laser diffraction particle size analyser
(Malvern Instruments, England). Analysed
samples were dispersed in sunflower oil, and
the analysis was conducted using a Hydro
2000 pP unit.

Gathered results were processed via Master-
sizer 2000 software and shown as the volume-
based PSD and described by PSD parameters:
volume mean diameter D [4,3] and parameters
d(0,1), d(0,5), d(0,9) that represent the particle
sizes where 10, 50 or 90% of the total particle
volume include particles that are smaller than
that size.

Determination of rheological properties of
dark and milk cocoa toppings

The equipment used to determine the rheolo-
gical properties of cocoa toppings was a Rheo
Stress 600 (Haake, Germany) rheometer,
equipped with coaxial cylinders Z20DIN at 40
+ 1 °. First, the shear rate was increased from 0
s to 60 s in three minutes and kept constant
for one minute at 60 s”'. Then, the shear rate
decreased from 60 s to 0 s in three minutes.

Determination of fat, moisture, sucrose and
lactose contents using Near-Infrared
Spectroscopy (NIRS)

The content of fat, moisture, sucrose and
lactose was determined with a MPA II multi-
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purpose analyser (Bruker, USA). The results
are shown as a percentage values.

Statistical analysis

All experiments were rerun three times except
for the sensory analysis which was conducted
eight times. The gathered results were pro-
cessed using a statistical method ANOVA and
the means were compared by one-factor
ANOVA with simultaneous comparisons by
Duncan’s test at a significance level of 0.05
using the Statistica 13.0 software.

RESULTS AND DISCUSSION
Rheological properties

The influence of different milling technologies
on the rheological properties of produced co-
coa toppings, dark and milk cocoa toppings is
shown in Fig. 1 and Fig. 2 The measurement
data showed the thixotropic flow of the sam-
ples. As shown in Fig. 1 different milling tech-
nology affected the values of yield stress,
which relates to the energy required to initiate
topping flow and is important in keeping solid
particles in suspension and the coating of solid
surfaces (Loncarevi¢ et al, 2021). The value
for the dark cocoa topping (DCT) produced in
a ball mill was 4.5-fold higher compared to the
DCT sample produced using a five-roll mill
and conching. Additionally, the sample of milk
cocoa topping (MCT), produced with the five-
roll mill and conching had the value of yield
stress 2-fold lower (2900 mPa) as opposed to
the values of MCT produced in a ball mill
(5900 mPa).

Further, the results of the analysis of Casson
and linear viscosity showed a significant dif-
ferrence (p<0.05) between the samples (Fig.
2). In Fig. 2 (on the left), the samples DCT and
MCT produced in a ball mill had significantly
(p < 0.05) higher values of Casson viscosity,
3020 and 2020 mPas, compared to the DCT
and MCT produced with different milling tech-
nology (2360 and 1520 mPa, respectively).

The same trend was present regarding the va-
lues of linear viscosity in the examined sam-
ples (Fig. 2, on the right). The increase in the
viscosity, same Casson and linear, can be ex-
plained by the presence of the smaller particles
in the samples that are produced using a ball
mill, since the smaller particles have greater
surfaces which, as a consequence, require in-
creased amounts of fat to cover them



Milica Stozini¢ et al., Comparison of dark and milk cocoa toppings produced by a five-roll mill and a ball mill,
Food and Feed Research, 51 (2), 229-236, 2024

25000

20000

15000

10000

Yield stress (mPa)

5000 a

0 -

Five-roll mill and

M Dark cocoa to

b
T

conching

pping

Linear viscosity (mPa-s)

Ball mill

Milk cocoa topping

Yield stress in DCT and MCT samples produced using a five-roll mill and conching and a ball mill

6000

5000

4000

3000

Ho™

2000

1000
Five-roll mill and conching Ball mill

m Dark cocoa topping Milk cocoa topping

Casson (left) and linear (right) viscosity in DCT and MCT samples produced using a five-roll mill and

conching and a ball mill

Partide Size Di

MCT-FRM

Figure 1.
3500
C
3000
@
& 2500 a
£ d
2 2000 =
E b
o
-2 1500 I
c
o
2 1000
©
Q
500
0
Five-roll mill and conching Ball mill
m Dark cocoa topping Milk cocoa topping
Figure 2.
6
—
ST
£
=] 3
s
2
1
8.01 0.1 1

Particle Size (pm)

100 1000 3000

Figure 3. Particle size distribution in MCT sample produced with a ball mill (MCT-BM) and five-roll mill and
conching (MCT-FRM)

(Loncarevi¢ et al., 2018).

Influence of the milling technologies on the
particle size distribution

The obtained results of the influence of the dif-
ferent milling technologies on the particle size
distribution in produced samples are presented
in Figs. 3 and 4. First, the analysis was con-
ducted on MCT samples, and the presented
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curves are characteristic for samples refined by
a five-roll mill and a ball mill (Loncarevi¢ et
al., 2019).

As shown, the milk cocoa topping produced in
a ball mill (MCT-BM) had smaller values
(13.082 um) for the mean volume-weighted
parameter compared to the MCT produced
with a five-roll mill and conching process
(MCT-FRM).
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Figure 4. Particle size distribution in DCT sample produced with a ball mill (DCT-BM) and five-roll mill and
conching (DCT-FRM)

Table 1.
Particle size parameters of milk (MCT) and dark (DCT) cocoa topping produced using a ball mill (BM) and five-
roll mill and conching (FRM)

Particle size parameters (um)

Cocoa toppings

d(0.1) d(0.5) d(0.9) D[4,3]
MCT-BM 2.739+0.057° 9.074 +0.134° 29.057+0.377° 13.082+0.156"
MCT-FRM 3.222 40.017° 13.550+0.077° 44.502+0.182° 19.384+0.074°
DCT-BM 2.540+0.012° 7.5814+0.032° 22.720+£0.227° 10.608+0.144°
DCT-FRM 3.058+0.075¢ 10.756+0.297¢ 42.672+0.842¢ 17.486+0.609°

Values represent the aﬁemge of triplicates + SD. Means with diﬂereni letters in superscript in columns are significantly
different between cocoa topping samples (p<0.05)
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Figure 5. Results of NIR spectroscopy analysis of moisture, fat, sucrose and lactose content in produced dark
and milk cocoa toppings
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Additionally, the value of parameter d (0,9) for
MCT-BM was 29.097 um, whereas for MCT-
FRM, this value was 44.052 um. The para-
meter d (0,9) implies that 90% of the total
particle volume is smaller than the value of this
parameter. Also, a significant difference
(p<0.05) was present among the parameters
d(0,1) and d(0.5). Refer to Table 1 for the
previously mentioned data.

Furthermore, the same analysis was conducted
for the dark cocoa toppings produced using
two milling technologies, and measurement
data are presented in Fig. 4 and Table 1. The
results showed a significant difference in the
values of examined parameters. The DCT-BM
sample had lower values for parameters D[4,3]
and d(0,9) when compared to the DTC-FRM
sample (Table 1). and rheology analysis data
are in agreement. The optimal interval for par-
ticle size distribution is between 15 — 30 um.
According to the collected data, the produced
samples using a five-roll mill and conching
had values between this interval. The toppings
produced in a ball mill had particle size
distribution lower than optimal. Since the
MCT-BM and DCT-BM samples had lower
values for the parameter D[4,3], the increase in
Casson and linear viscosities was expected in
these samples, and the particle size distribution

NIR spectroscopy

Near-infrared spectroscopy (NIR spectros-
copy) is a non-destructive assessment tech-
nique which uses infrared electromagnetic wa-
velengths to gather information about the
sample composition (Johnson, Walsh, Naiker
& Ameer, 2023). In confectionery products,
NIR is generally used for quantitative measure-
ments of key parameters such as fat, sugar,
protein, and moisture content (da Costa Filho,
2009; Amorim, Duarte, de Oliveira, de la

Fuente & Gomez-Cortés, 2020). The NIR
spectroscopy analysis data are presented in
Fig. 5. The chemical composition of toppings
produced by various milling processes is con-
sistent, except for moisture content and the le-
vels of volatile compounds.

CONCLUSIONS

The study investigated the effects of different
milling technologies on the quality of produced
samples of dark and milk cocoa toppings.
Toppings were produced using a ball mill and
a five-roll mill with conching.
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The results showed that:

— Samples produced in a ball mill had an
increase in linear and Casson viscosity,
leading to a 4.5-fold increase in yield stress
of DCT-BM, and a 2-fold increase for
MCT-BM sample. Additionally, the
Casson viscosity for DCT-BM increased
1.28 fold and for the MCT-BM sample, the
increase was 1.33 fold. The same trend
was present regarding the values of linear
viscosity.

— Particle size distribution analysis showed a
significant (p < 0.05) decrease in mean
volume-weighted parameter D[4,3] in sam-
ples produced using a ball mill compared
to the samples produced with a five-roll re-
finer and conching. Since the presence of
smaller particles influences the viscosity
by increasing it, these results coincide with
rheology analysis data.

In summary, different milling technology
slightly influenced the quality of produced
samples. The viscosity of the samples pro-
duced in a ball mill was higher than the com-
pared sample, but not to the point where this
increase will be regarded as negative during
the covering of the product.

Presumably, this increase can be lowered by
shortening the production time, thus impacting
the particle size distribution and refining the
particles to the optimal range. Overall, the
quality of the produced samples is intact and it
can be concluded that the ball mill can be used
for the production of this type of confectionery
product, simultaneously saving time and ener-
gy, compared to the different milling process
that includes five-roll mill and conching.
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Sazetak: Cokoladni prelivi su konditorski proizvodi koji se sastoje od nemasnih tamnih kakao
delova i Cestica Secera dispergovanih u kakao puteru, kao kontinualnoj fazi. S druge strane,
tamni kakao prelivi sadrze kakao prah i Secer dispergovan u biljnoj masti koja je jeftinija od
kakao putera, ali sa adekvatnim karakteristikama. Takode, sa dodatkom 7% nemasne frakcije
mleka, ovaj proizvod se smatra mle¢nim kakao prelivom. Ovakvi proizvodi (tamni i mlecni
kakao preliv) ne zahtevaju dugotrajno konciranje ili temperiranje. Ovaj rad je imao za cilj da
utvrdi i uporedi uticaj procesa proizvodnje na reologiju, distribuciju veli¢ine Cestica i sadrzaj
vlage, masti, saharoze i laktoze u kakao prelivima. Na osnovu reoloskih svojstava, utvrdeno je da
su vrednosti Casson i linearnog viskoziteta uzoraka proizvedenih u mlinu sa pet valjaka i uz
konc¢iranje bile niZze u odnosu na one vrednosti viskoziteteta uzoraka proizvedenih u kuglicnom
mlinu. Sto se ti¢e distribucije veli¢ine Gestica, rezultati su pokazali da je zapreminsko-maseni
srednji parametar D (4,3) bio manji za mle¢ni i tamni kakao preliv, proizveden u kugliénom
mlinu. Pored toga, vrednosti prinosnog napona u uzorcima proizvedenim u kugli¢cnom mlinu bile
su 2 puta veée za mleéni kakao preliv i 4,5 puta viSe za tamni kakao preliv u poredenju sa
vrednostima uzoraka proizvedenih upotrebom petovaljka i konciranja. Analiza bliske
infracrvene spektroskopije (NIRS) nije pokazala znacajnu razliku u sadrzaju masti, saharoze i
laktoze izmedu uzoraka. Moze se zakljuciti da razlika izmedu uzoraka proizvedenih u kugli¢cnom
mlinu i petovaljku postoji i da se kugli¢ni mlin moze koristiti za proizvodnju visokokvalitetnih
kakao preliva, ¢ime se obezbeduje krace vreme proizvodnje.

Kljuéne refi: kakao prelivi, petovaljak, kuglicni mlin, reologija, distribucija velicine Cestica
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