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Changes of rheological properties of semi-sweet chocolate coverture were studied during 24-h dry
conching in an industrial conche. Measurements were carried out with a Rheotest 2 rotational
rheometer with coaxial cylinders at various shear rates and at temperatures ranging from 30 to 80°C.
The obtained results show that simple and fast methods of studying rheological properties can be
employed to control conching of chocolate masses.

Chocolate mass is a non-Newtonian fluid with viscoplastic properties [7]
consisting of cocoa pulp, cocoa fat (components originating from cocoa grain),
sugar, lecithin and possible additions such as milk, coffee, nuts, vanilline,
ethylvanilline and other flavours. Its quality depends mainly on the composition
of components and the kind and effectiveness of thermal-mechanical processing.
Much effort has been devoted over the past years to improve chocolate masses
and also to intensify the conchingprocess and reduce its duration with the aim of
ensuring continuous, effective and speedy production. Numerous studies also
concentrated on the nature of changes taking place during conching and
affecting the quality of chocolate masses (2, 6, 8]. It is believed that the most
important of these changes are:

— comminution of the solid phase particles,

— water content reduction,

— rounding and unification of solid phase particles,

— emulsification of the mass and coating of the solid phase particles with fat,

— reduction of viscosity resulting from the above changes,

— reduction of the content of volatile substances, especially of acids
detrimental to taste and aroma,

— reduction of tannins content through oxidation,

— increasing content of colouring substances.

These changes alter the rheological properties of chocolate masses as conching
progresses. Since the measurement, of these properties is relatively simple, it may
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be used to study this process.

In the present research we investigated changes of rheological properties of
chocolate masses during conching in the context of humidity and comminution
changes with a view to improving the monitoring of this process.

EXPERIMENTAL

Changes of rheological properties during production of semi-sweet (up to 55%
sugar) chocolate coverture obtained with the dry conching method were studied.
24-h conching was carried out in a CRT 3000 industrial conche manufactured by
Nagema (DDR), with samples collected 5, 10, 15, 20, 22 and 24 h after the start of
the process. We thus studied samples from two charges and also the final sample
from the third charge aftér 24 h. Aside from measuring rheological properties, we
also determined in each sample its water content by drying with sand at 105°C
and its comminution degree (micrometrically).

Rheological properties were measured with a Rheotest 2 rotational rheometer
with coaxial cylinders. Given the wall effects occurring in the case of chocolate
masses, we used the wide-gap (2.5 mm) “H” measuring set. These effects are due
to a fat layer accumulating on the cylinder walls. Being less viscuous than
chocolate mass, the fat acts as a lubricant causing the mass to slip on the walls.
This phenomenon distorts measurement results, with the distortion being higher
for narrower gaps between the cylinders. In order to check the consequences of
this effect, we repeated some measurements with the “S1” measuring set
featuring a very narrow gap (0.5 mm).

Table Humidity and comminution degree of semi-sweet chocolate coverture from two charges
at different times of conching

Conching time (h)
5 10 15 20 22 24
Charge | humidity (%) 0.59 0,57 0.38 0.31 0.28 0.27
comminution (um) 83.5 61.3 55.4 40.8 39.4 38.9
Charge 2 humidity (%) 0.61 0.57 0.41 0.30 0.29 0.28
comminution (um) 84.2 63.5 57.2 41.1 40.5 39.6

All measurements were carried out at 30, 40, 50, 60, 70 and 80°C for increasing
shear rates, following which the samples were subjected to shearing at maximum
rate of 146 s and the measurements repeated for decreasing shear rates. The
differences between the determined shear stresses at increasing and decreasing
shearing rates were a measure of thixotropy (viscosity changes over time due to
shearing).
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ESULTS

Table lists figures for water content and comminution degree for various
ages of conching determined in samples from two charges. Results of
1eological properties measurements are represented as flow curves in the shear
ress-Newtonian shear rate system. The Newtonian shear rate listed in the
1eometer manual for various rotation speeds of the cylinder is equal to the
ctual shear rate at the wall of the inner the cylinder if the studied fluid is
lewtonian, and its values for non-Newtonian fluids must be suitably corrected.
[owever, since the results of this research are to serve only conching monitoring,
e did not attempt this fairly labor-consuming computation which would lead to
nall shifts of the plotted flow curves without altering their relative positions. We
orrected the shear rates only in this measurements which were used for
smparisons of results from two measuring systems with different cylinder
lameters ratios meant to assess the wall effects.
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ig. 1. Flow curves of chocolate coverturc sampled after 5, 10, 15, 20, 22 and 24 h of conching.
leasurements were performed at 40°C; 1 — charge 1 coverture, I — charge 2 coverture,
1T — charge 3 coverture

The experiments provided a vast quantity of data and only some of them are
resented here. Fig. 1 presents flow curves for samples from both charges and for
he final sample from the third charge, all studied at 40°C. There isa clear dropin
hear stress (and hence in viscosity) in the considered range of shear rate until the
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20th hour of conching. After that time the properties of the chocolate mass
become practically constant, also in the other temperatures. It is interesting to
note that despite the clear differences in the initial stage of conching, the
properties of masses as reflected in the flow curves are almost identical after 20 h.
The shape of most flow curves was similar to that in Fig 1: their slope is very small
in the range of lowest shear rates which means that the covertures are strongly
shear-thinning (considerable decrease of viscosity with an increase of shear rate).
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Fig. 2. Flow curves of charge 1 coverture after 5 h of conching. Measurements performed at 40, 60
and 80°C.

At higher shear rates, the non-Newtonian character of the masses is increasingly
less pronounced, to become almost Newtonian at the maximum shear rate of 146
s, especially in the lower temperatures: the slope of flow curves is close to 45°.
Irregularities in the flow curves are observed at conching times below 15 h and
temperatures over 60°C, leading to anomalies such as increasing viscosity at
increasing temperatures in the range of intermediate shear rates. Fig. 2 shows
suchirregular flow curves after 5 h of conching. Arrows on the curves indicate the
direction of shear rate changes. Hysteresis loops appear, with shear stresses (and
hence also viscosities) determined for decreasing shear rates being lower than
those determined for increasing rates. This phenomenon is known as thixotropy,
and indicates structural changes in conched masses due to shearing. Samples
collected after 20 and more hours of conching are completely rheostable: the flow
curves for increasing and decreasing shearing rates coincide (Fig. 3).
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1g. 3. Flow curves of charge 1 coverture after 20 h of conching. Measurements performed at 40, 60
and 80°C
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ig. 4. Flow curves of charge 1 coverture after 20 h of conching. Measurements performed at 40°C
with two measurement sets (“H” and “S1”"). Broken line — corrected flow curve



190 M. Boruch and others

In order to assess the impact of wall effects of measurement results, some of the
measurements were repeated using the ““S1”” measuring set with a 0.5 mm gap,
five times narrower than in set “H”’. Exemplary results for chocolate mass
conched for 20 h at 40°C are shown in Fig. 4 where the actual (corrected) shearing
rates are represented on the X-axis. The substantial differences between flow
curves plotted on the basis of results from the two measurement sets are a clear
indication of the interference of wall effects, especially at low shearing rates.
A corrected flow curve free from the error due to slip on measurement cylinder
walls, was plotted using the obtained results. The method of correction is
described in [3]. As can be seen, the corrected curve is very similar to the one
plotted according to results obtained with measurement set ““H”’: the differences
in shear stress do not exceed 7%. This means that for a 2.5 mm gap the wall
effects are of negligible significance. Results of similar studies of wall effects in
other temperatures and for other conching times lead to the same conclusion.
Since the described measurements are to be used for monitoring the conching
process, what matters is the variability of chocolate masses properties with
temperature, time, composition, etc. rather than absolute values of viscosity or
shear stresses at given shearing rates. For these purposes the results obtained
with measurement set “H” (2.5 mm gap) are sufficient and there is no need to
carry out the tedious corrections compensating for the wall phenomena.

CONCLUSIONS

The flow curves of the studied chocolate coverture became stable after 20 h of
conching in the entire temperature range that was considered. After 20 h the
chocolate mass lost its thixotropic properties and ceased to display anomalously
high viscosity in temperatures over 60°C. This stabilization of rheological
properties after 20 h suggests that the changes of composition and structure of
the chocolate mass were practically completed by that time. This is also indicated
by analyses of humidity and comminution which change only slightly after 20 h.
The best temperatures for monitoring conching by means of viscosity measure-
ments in fixed conditions are those below 50°C at which flow is completely stable.
If stabilization of the masses’ properties is to be determined by thixotropy
measurement, temperatures of at least 70°C are required at which this
phenomenon is clearly apparent. If a rotational rheometer is used, the width of
the working gap may not be less than 2 mm to offset the distorting effect of wall
phenomena. Despite the clear differences of initial rheological properties of
covertures from various charges, their flow curves after 20 h are almost identical.
It must be made clear, however, that the reported results pertain only to the
concrete studied mass and the particular conching conditions and apparatus.
Nevertheless they do indicate possibilities of using simple and speedy methods of
rheological studies in monitoring the process of conching chocolate masses.
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Streszczenie

Przeprowadzono badania zmian wlasciwosci reologicznych w czasie produkcji kuwertury
potstodkiej otrzymancj metoda suchego konszowania. Proces konszowania prowadzony byt
w konszy przemyslowej przez 24 h. Pomiary wtasciwosci reologicznych przeprowadzono za pomoca
reometru rotacyjnego o wspotosiowych cylindrach Rheotest 2. Pomiary wykonano przy rosnacych
i malejacych szybkosciach w temperaturze od 30 do 80°C. Uzyskane wyniki wskazuja na mozliwos¢
zastosowania prostych i szybkich badan wlasciwosci reologicznych do kontroli przebiegu procesu
konszowania mas czeckoladowych.



