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Abstract. Cocoa beans of the Ivory Coast varietyeweasted convectively at different
temperatures (110, 135 and 48)) air flow rates (v of 0.5, 1 and 1.5 i) snd relative air humidities
(RH of 0.9-0.3 and 5%). Temperature of selected péiteans (on their surface, of the layer between th
kernel and shell, and inside the kernel) was medstwroughout roasting. It was found that in thitain
stage of roasting (10-15 min) all the air paransesgtrongly affected the values of temperature tnd i
profile in all examined parts of beans. In thelfstage of roasting, the difference between the@ésature
of shell and kernel was approximately 2°C, indepetig from the air parameters.
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INTRODUCTION

Roasting is the principal technological unit ogeratduring cocoa processing.
Physicochemical reactions occurring inside the beamlevated temperature change
the aroma, colour and texture of cocoa beans [63115,16,18].

Convective roasting is most commonly applied forrii@mrocessing of cocoa,
also in Poland. During this process cocoa beandameght, for 15-45 min, to
a temperature of 130-1%50 [9,10,16,17,20]. Also cocoa mill and pulp arested
[3,4,16,17].

Roasting parameters determine the character ofichleamd physical processes
occurring inside beans, and thus the quality of ultimate products [7,10,16,18]
Roasting conditions depend on the variety and quality of cocoa, culthation
conditions, on-farm (primary) processing after lkating [5,9,16,19], construction
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and dimensions of roasters, the manner of heating gas supply, thednuf
shifting of roasted material in a roasting chamber, and on teeosizoasted
material particles [4,10,16,17].

A significant difference between temperatures aflishand kernels of cocoa
beans, approaching 10°% is a disadvantage of the traditional method bbley
cocoa beans roasting [3,4,16] (data on processtimoredwere not included in the
cited reports). Such a large gradient of tempegatesults in heterogenous distri-
bution of generated aroma and taste compoundsaste material, as well as in
insufficient or excessive roast level of differguairts of cocoa beans [16]. Excessive
time of roasting at high temperature negativelgaff the aroma of cocoa, makes it
bitter, and generates acroleine which is a prodfiaiegradation of triglycerides
contained in lipid fraction. Too high temperatufeaasting favours the formation of
certain substances (e.g. dimethylpyrasine) whiehregponsible for burnt aroma of
cocoa [16,20]. Insufficient roast level does not wlate all undesired volatile organic
acids and water, which hampers further procesdisganother disadvantage is
relatively high content of remaining water-solultéenins, which imparts an un-
pleasant bitter taste to cocoa [16,20].

Benz [2], who estimated the difference in tempeestwf cocoa beans shell and
kernel, presented detailed characteristics of rago& beans prior to their debacte-
rization in Buhler reactor (at 120°C) and on itsmptetion. According to this author,
the difference between temperatures of kernel halll @proached 30°C, but he did
not determine other air parameters except its taatyre. Jinap and Dimick [5], who
found that upon roasting at 150°C the differencéeimperature between shell and
kernel ranged from 20 to 2°C, depending on the stage ofngaaso measured only
air temperature.

Because of the paucity of reports on the influesfcthe three principal hot air
parameters, i.e. its temperature, rate of flow etative humidity, on temperature
profile inside cocoa beans upon their roastingattempted to find the correlation
between these quantities.

MATERIALS AND METHODS

Selected cocoa beans (18-24 mm in diameter) of the Ivory Caastyy
derived from Ivory Coast, was the raw material used throughout tHesstud
Convective roasting of cocoa beans was conducted in a tunhdlowged air
circulation, shown in Figure 1. Parameters of air were as follows:
- temperature of 110, 135, and 260
- rate of flow of 0.5; 1; and 1.5 m's
- relative humidity of 0.3-0.9 and 5%.
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Fig. 1. Schematic diagram of a tunnel for thermal proogssf cocoa beans: a) front viev, b) top viev.
1 - fan, 2 — throttle, 3- heater, 4 — steam suipf@y with a regulating valve, 5 — section of arameters
control, 6 and 7 — sections for equalising air eigjoprofiles, 8 — measuring section, 9 — balad€e-
bean batching funnels, 11 — plate, 12 — secti@iraémoving, 13 —recirculated pipe, 14 — airaking
pipe, 15 and 16 — autotransformers, 17-19 — additibeaters, 20 — insulation, 21 — control parik-2
temperature probe (sensor), 23 — pipe with fresimlet valve, 24 — valve for air recirculationntml,
25 — steam generator



11¢€ W. KRYSIAK, L. MOTYL-PATELSKA

Portions (200 g) of raw cocoa beans were placed on a plate (thrduighed
shaped inlet, which resulted in their uniform monolayer) aftabilsing the
roasting conditions inside the roasting chamber.

Prior to cocoa beans loading, the following parameters were detecmine

- temperature of air in front of and behind the plate,

- air flow rate,

- relative humidity of air (if the process was conddcat elevated humidity),

- atmospheric pressure,

- temperature on the surface of a single cocoa bean,

- temperature of the interspace between the hull and kernal sifigle

cocoa bean.

The initial mass of the sample was measured immediatedy placing a
sample of cocoa beans on the plate inside the roaster. Aftenrdned time
intervals, e.g. every 2, 5, 10, 20 min, measurements of the mesastéd cocoa
beans, air temperature, temperature of selected parts of abmmoésurface, the
layer between shell and kernel, and inside the kernel), airribevand its inlet
relative humidity, were carried out. Roasting was carrieduatitl the ultimate
water content inside cocoa beans approached approximately 2¢&an@hetion
of roasting, the material was taken out of the roasting chaamukecooled for 6-
10 min to around 30-3& using air with temperature of approximately’@0
Roasted and cooled whole cocoa beans and their separated shellsretsl ke
were analyzed for water content by thermogravimetric meticodrding to the
standard PN-A-76101:1998.

Temperature of air and selected parts of cocoasbe@s measured with an
accuracy oft1°C using a YC-262 YCY-meter equipped with a NiCr-Npobe. Air
flow rate was estimated with an accuracyt6f05 m § using a coupled THERM
2285-2B meter equipped with a 9915 S120 probe.

Relative humidity of ,dry” air was calculated using the following foraaul

RH= 1004 RA LP -
O;Gzzmpsat)llooc +RH mI:)Sa'f)llllpc

where: RH — relative air humidity (%)RH - absolute air humidity at 2Q kg
H,O (kg dry air); 872910 kg H,0O (kg dry air), P — pressure of saturated steam
(Pa); 10110° Pa, Pradii0.c— Steam pressure at 110°C (Pa), according to ,Engi-
neer manual — Sugar industry”, 1973 p.52; 148*%Pa .

Air humidity was elevated using saturated steam produced intéiaens
generator (Fig. 1). Humidity of this air was measured witlaecuracy of0.5%
using a coupled THERM 2285-2B meter equipped with a FHA636-HR2 probe.
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Triplicate samples of cocoa beans were roasted in giventonsdiResults
displayed in figures and tables are mearstandard deviation (the latter did not
exceed 3-4%).

RESULTS AND DISCUSSION

Effect of air temperature on changes in temperature inside cocoahns
upon roasting

Figures 2 and 3 exemplify the dependence of tenmpeyaf selected parts
of cocoa bean on air temperature when roastingaeasglucted at air tempe-
rature of 110 or 13%&, at fixed air flow rate of 1 m’sand relative humidity
of 0.9-0.4% ("dry” air).

—&—— Temp. on surface

=il == Temp. between
shell and kernel

—a&— Temp. in kernel

R?=0.999

Temperature (T)

R2=0.99
65 T T T 1

0,02 0,03 0,04 0,05 0,06 0,07
Specific humidity (kg H,O (kg d.m.) ™)

Fig. 2. Changes in temperature of selected parts of cbeaa roasted for 70 min at £00(air flow
rate of 1 m ¢ and relative air humidity of 0.9%)

Based on results shown in Figures 2 and 3 it was found that footistant
air flow rate of 1 m§ the rate of increase in temperature of the sslegarts of
beans depended on air temperature. This findingcaasistent with earlier reports on
relationships between air temperature, roasting timd physicochemical properties
of roasted cocoa [3,5,7,10,16].

Our experiments showed that air temperature affected theetatures of
cocoa bean kernel and the layer between kernel and shell. ¢thsas/ed that at
higher air temperatures, the difference between temperatudesrra#l and the
adjacent layer was greater prior to a drop in the speuifigidity to 0.05 kgkO
(kg d.m.)* of cocoa beans. During further stages of roasting, this tetapera
gradient was reduced, but the higher was the air temperhtugrdater were the
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differences in temperature of the examined parts of cocoa begn (&nd 3,

Tab. 1). This shape of curves indicated that at higher tetopeseof roasting, i.e.

at 135 and 151, the empty gap between kernel and shell was formed faster. This
phenomenon is advantageous because it facilitates shell removhkerfmare,
quicker formation of the empty gap hampers migration of lipashe shell,
which is very desirable because of lesser losses of valuable lipids [8].

145 +

135 -

—&— Temp. on surface
125 +

115 4
—l— Temp. between shell

105 4 and kernel

95 -

Temperature (C)

85 —&—Temp. in kernel

75 A

R?=0.999
65 T T T T 1

0,02 003 004 005 006 0,07
Specific humidity (kg H,O (kg d.m.) )

Fig. 3. Changes in temperature of selected parts of coeaasbroasted for 35 min at £85(air
flow rate of 1 m ¢ and relative air humidity of 0.4%).

Table 1. Differences between the temperature of air usatdst cocoa beans and (a) temperature
of their surface (), (b) temperature of the layer between shell asrtdd (T,), and (c) temperature
of the kernel (%)

Process parameters Temperature
Air flow rate (m Sl) Time of roasting (min) T,(°C) T,(°C) T5(°C)
Temperature of 12C; RH of 0.9%
0.08 19.7 36.2 55.0
10 2.2 4.1 5.8
0.5 30 1.1 2.7 3.4
80 0.9 2.3 2.6
100 0.3 1.8 2.2
0.08 235 18.6 325
10 2.7 3.8 4.1
1.0 30 1.7 2.8 2.7
70 1.5 2.5 25
0.08 19.8 28.0 52.8
15 10 1.7 35 4.9
30 15 2.7 3.1

70 0.5 1.8 1.8
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Table 1. Cont.
Temperature of 13€; RH of 0.4%

0.08 36.2 43.9 76.3

0.5 10 2.9 3.9 8.2
30 1.1 2.1 3.2

50 1.0 2.0 2.7

0.08 19.3 25.0 65.2

1.0 10 1.3 2.5 5.3
30 0.3 2.0 2.3

35 0.2 1.8 1.7

0.08 36.9 42.6 54.2

1.5 10 0.6 2.8 3.1
30 0.4 2.5 2.2

35 0.2 2.1 1.8

Temperature of 15C; RH of 0.35%

0.08 33.9 47.7 80.2

0.5 10 1.6 4.6 7.9
20 0.5 2.5 3.8

25 0.5 2.2 3.2

0.08 39.8 56.8 68.6

1.0 10 4.6 4.5 5.2
20 2.1 2.2 2.3

0.08 39.2 39.1 61.0

1.5 10 2.0 3.8 4.8
20 1.1 2.4 2.4

Effect of air flow rate on changes in temperature inside cocoa bas upon
roasting

Effects of different air flow rates on temperatureshef kernel and the layer
between kernel and shell were estimated at three differe¢raperatures and
the air humidities range of 0.9-0.35% (“dry” air). Relationshipsvben these
quantities for air temperature of 185 its humidity of 0.4%, and three different
flow rates are presented in Figures 4 and 5.

Presented curves provide evidence that air flowaiste had a strong impact on
the rate of increase in temperature of both exainiaets of the cocoa bean. Like in
case of temperature, also a rise in the rate offl@v markedly increased the
temperature of the examined parts of cocoa beanscytarly in the early stage of
roasting. When the specific humidity of cocoa beaashed 0.055 kgl (kg d.m.),
the effect of air flow rate on the rate of increaséemperature of examined bean
parts was negligible, particularly in the casehef kernel (Fig. 4, 5).
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Fig. 4. Changesn temperature between the kernel and shell in zd®ans roasted @t= 135C;
RH=0.4%
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Fig. 5. Changes in temperature in the kernel in cocoasemsted af = 135C; RH= 0.4%

Estimation of the relationship between air flow rates anemdiffces between
temperatures of the kernel and the layer between thellkardeshell was also of
importance because it could facilitate determination of the mbmbken empty
gap between the kernel and shell is formed.

Table 1 displays results of measurements of differemcesriperatures of hot
air, the surface of beans being roasted, the layer betwedrastekernel, and
kernel. In Table 1T, is the difference in temperatures of air used for roasting and
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surface of beans upon roastifig,s the difference in temperatures of air used for
roasting and the layer between shell and kernel, Bni the difference in
temperatures of air and a kernel of cocoa bean.

It was found (based on relatively high differenitemeasured temperatures) that
at air flow rate of 0.5 m’sin the initial stage of roasting (up to 10 ming ttise in
temperature of both the kernel and the layer bettezlatter and shell was relatively
slow, independently from the temperature of rogstin further steps of roasting
these differences in temperatures continued tcedser and in the final stage they
were at the level of 2 (+0.3C), independently from the temperature and air flow
rate. Our results are consistent with that of JarapDimick [5].

A similar relationship was also observed for air flow rate4 and 1.5 mY
however, at these rates the differences in examined temperatare lesser in
the early stage of roasting, but in the final step they wetteeo§ame range as for
air flow rate of 0.5 m&

Data collected in Table 1 show that difference34dmand T, were very small
when cocoa was roasted at @0 independently from the air flow rate. It
provides evidence that there was no empty gap between kerngtehdAhen
cocoa was processed at 135 and°C5these differences were significantly
higher, which suggested that the empty gap was formed réyatjuekly. The
latter process is termed the ,baloon effect” [4,17].

Results collected in Table 1 and in Figure 4 arnddicate that independently
from the air temperature, cocoa roasting at aiv fiate above 1 ni'ss groundless.

Influence of relative air humidity on changes in temperatureinside cocoa
beans upon roasting

The third examined parameter, i.e. the relative air humidigisis one of the
most important roasting parameters. Earlier investigations shtives elevated
RH had a beneficial effect on debacterization of cocoa beans [2, Bnl&nced
air humidity can be achieved by means of using for roastirggiéed circulating
air which contains some moisture [16].

Figures 6-9 exemplify temperature profiles of tRareined parts of cocoa beans
upon their roasting in the atmosphere of air wiffei@nt levels of humidity RH of
0.97-0.30% and 5%). Presented curves prove thatpémdiently from the air
temperature and the part of cocoa bean (kerndl), shehe initial part of the process
(up to 10-15 min) conducted at elevaidd humidity is easily adsorbed by beans. This
process was intensified at higher air temperatufaghermore, the temperature of
kernel was slightly (by 2°€) increased wheRH was 5%. Arguably, it resulted from
slightly longer time of roasting as compared to tfi@oasting in "dry” air.
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Fig. 6. Changes in temperature of selected parts of coeaa tasted for 50 min at T’8(air flow
rate of 1 m 2 and relative air humidity of 5%)
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Fig. 7. Changes in temperature of selected parts of coean roasted for 20min at P&D(air flow
rate of 1 m ¢ and relative air humidity of 5%).
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Fig. 8. Changes in temperature between the kernel and isheticoa beans roastedTat 150C;
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Fig. 9.Changes in temperature in the kernel in cocoa bemasted afT = 150C;v=1m &'
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Tabela 2.Differences between the temperature of air useddst cocoa beans and (a) temperature

of their surface (), (b) temperature of the layer between shell asarthdd (T,), and (c) temperature
of the kernel (%)

Process parameters Temperature
Humidity (%)  Time of roasting (min) T.(°C) T,(°C) T5(°C)
Temperature of 1°C; vof 1 m s
0.08 235 18.6 325
0.9 10 2,7 3.8 4.1
30 1.7 2.8 2.7
70 1.5 2.5 2.5
0.08 26.5 245 54.8
5.0 10 1.7 2.6 3.7
30 0.6 1.7 1.8
80 0.2 1.3 1.1
100 0.1 1.2 1.0
Temperature of 138;vof 1 m s
0.08 19.3 25.0 65.2
10 1.3 25 5.3
0.4 30 0.3 2.0 2.3
35 0.2 1.8 1.7
0.08 311 345 70.6
5.0 10 2.1 3.8 6.7
30 1.2 2.7 3.6
50 0.8 2.4 2.9
Temperature of 15C;vof 1 m &
0.08 39.8 56.8 68.6
0.35 10 4.6 4.5 5.2
20 2.1 2.2 2.3
0.08 334 46.5 79.6
5.0 10 2.7 5.3 8.5
15 0.9 2.3 2.4
20 0.8 2.1 2.2

Studies on the influence of the relative air humidity on differenice
temperature of air and that of the kernel and the layerdasivthe kernel and the
shell showed that during the first 10 min of roasting at 135 antC1addRH of
5%, bothT; andT, values and the difference between them were higher. In the
final part of the process, the difference between these tampes dropped to
2°C and was independent from humidity and temperature of air. ACIdftdRH
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of 5% this difference was the smallest (approximatéy, Tab. 2), which pre-
sumably resulted from the very long time of roasting.

The increased air humidity had a beneficial impact on the "balooct’effeér
temperature of 12C had a weaker effect on the formation of the empty gap
between shell and kernel independently from air humidity, whiah be
concluded based on small differences in temperatures of bothpdmsef cocoa
bean (Tab. 2). At the latter temperature, air humidity declgmethe shell can
absorb less water and its swelling is retarded. At tiadively low temperature,
both water removal from cocoa beans and tearing the shell aparttie kernel
slow down. At 135 and 158G, andRH of 5%, shells are rapidly separated from
kernels because the fibre contained in shells swells intéypsiue to enhanced
water content, and the relatively high temperature of roastmgufs rapid
evaporation of water from the processed material.

CONCLUSIONS

Results of presented studies provide evidence that:

1. Air temperature has a strong impact on the rate of inciaasenperature
of principal parts of cocoa beans upon their roasting. Beforgpihafic humidity
of roasted cocoa dropped to 0.05 k§Hkg d.m.)!, the difference between tem-
peratures of kernel and shell was greater at higher roasting teonpsrat

2. Increments in temperatures of the examined parts of cocoa beantheer
smallest for air flow rate of 0.5 nt sindependently from air temperature.

3. Roasting at air flow of 1.5 mi*swas found to be groundless, independently
from air temperatures, because at this air flow rate inemésrof temperatures of
examined parts of cocoa beans were not substantially ldrgerthat at air flow
of 1 m §*. The latter value of air flow rate was found to be the radsfjuate (of
the three examined values of v) for roasting of cocoa beans.

- At 135-150C roasting of cocoa beans should be carried out at elevated air

humidity (RH of 5%).

- Independently from the parameters of air, the ultimate differeeteeen

air temperature and that of the kernel and the layer betiecatter and
the shell of cocoa bean reaché@ 2
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WPLYW PARAMETROW POWIETRZA NA ZMIANE
TEMPERATURY W PRAONYM ZIARNIE KAKAOWYM

Wiestawa Krysiak, Lidia Motyl-Patelska

Instytut Chemicznej Technolodilywnosci, Politechnika £.6d
ul. Stefanowskiego 4/10, 90-924 ti6d
e-mail: krysia@snack.p.lodz.pl

Streszczenie. Ziarno kakaowe odmiany Ivory Coastzopp metod konwekcyjr w
zmiennych warunkach temperatury (110, 135 i°C$0prdkasci (v = 0,5, 1 i 1,5 m?§ i wilgotnasci
wzglednej powietrzaRRH = 0,9-0,3 oraz 5%). W trakcie procesuzprda w poszczegoélnych gziach
ziarna (na powierzchni, w przestrzenigdzy jadrem a tusk i w jadrze) mierzono temperatur
Stwierdzonoze wszystkie parametry powietrza w pgtkpwym okresie procesu prnia (10-15 min)
istotnie wplywaj zarowno na wysoko, jak i na ksztaltowanie eiprofilu temperatury we wszystkich
czesciach ziarna. Niezataie od stosowanych parametréw powietrza, vickavym etapie procesu
obserwuje siréznice midzy temperaturami agianymi przezqdro i lusk: na poziomie &C.

Stowa kluczowe: ziarno kakaowe, peaie, wilgotne powietrze, temperaturazorgego ziarna



