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Abstract. Cocoa beans (the Ivory Coast variety)evaebjected to convective roasting at air
temperatures of 135, 140 and 150°C, relative huynigRH) of 0.35-0.45% or 2, 5 and 10%, and
air constant flow ratevf of 1 m §. Microbial contamination (total numbers of aerobiacteria,
numbers of spores) was estimated in raw and roasisah beans. Results of the assays demonstrate
that the most effective bactericidal temperatunelependently from the relative humidity of air,
appeared to be 150°C. However, the air humiditipénfced the time of roasting at 150°C, providing
sufficient reduction of microflora. To achieve sdctory microbial safety as a result of roastihg a
140°C, the beans required processing with so caligdair” (RH of 0.4%) for 45 min. Roasting for 45
min at 135°C anékH of 2% reduced indigenous microflora of cocoa béarisf cfu per g.
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INTRODUCTION

High quality and long shelf life of confectionery require appatpriuality of
raw materials, including cocoa beans, an adequate method of procasdisgfe
level of microbial contamination. Live microorganisms that prodtaeic
products of metabolism and contribute to spoilage of foodstuffsoasidered to
be most hazardous [5].

Microbial purity of cocoa beans is affected by conditions ofmétation,
drying, storage and transporting, etc. Microorganisms frequenéygkathe raw
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material at these steps, and therefore they are regardbe asucial points of
safety and quality control [2].

Due to low water content in cocoa beans (5-7%), bacterial andlfspgies
dominate their microflora [6,18]. The contamination with filamentdusgi
usually starts in damp stores (at 0-25°C), or during cleanintingodrying and
crushing. In factories, the air turned out to be the sourcerobiaebacteria and
fungal spores. Microorganisms that attack cocoa display higlytiipactivity,
thus enhancing the content of free fatty acids and decredwntpthnological
quality of the material [18,20].

The best method to avoid proliferation of microflora existing on cocoa beans is
to store the material below 18°C and to provide humidity of air less than 70%.

Inactivation of microorganisms that contaminate cocoa can bevachduring
roasting at temperatures up to 160°C [3]. Usually, this prosesariied out at
130-150°C for 15-45 min [7, 8]. During this treatment, the maximum teatyper
of beans ranges up to 120-140°C [1,3,16,17,19].

In the traditional method, whole beans are roa3teeke are various techniques of
thermal processing of cocoa beans. In one of thbm,beans are roasted after
preliminary humidification of their surface thahdily facilitates removal of shells
surrounding the core. The humidification of therbearface is carried out either by
sprinkling with water or by steaming. For the sam@@se, circulating humid air can
be employed [16,17].

Our studies were aimed at an assessment of tHeofewécrobial contami-nation
present in samples of cocoa beans, and an estimatidhe viability of these
microorganisms after convective roasting of theenit including processing with
air having elevated humidity. The objective of éxperiments was the determination
of roasting conditions that provide both suitabgygicochemical properties of the
processed material and substantial microbial safdtye product.

MATERIALS AND METHODS

Materials
Cocoa beans (the Ivory Coast variety) from The Ivory Coasewapplied in
the studies. The cocoa beans were sorted after determinatiogirofuality, and

the medium-size fraction was selected for further experimenpsotide uniform
processing of all roasted beans.

Roasting methods

Samples of selected cocoa beans were subjected to convesdiseng
in flowing air, using the tunnel presented in Figure 1.
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The applied air parameters were as follows:

- temperature of 135, 140 and 150°C,

- relative humidity RH) ranging from 0.35 to 0.45%, and of 2, 5, and 10%,

- air flow rate ¢) of 1 m per s.

A monolayer of beans in the amount of 200 g was roasted each time. Th
process was terminated when the water content of the nhatkedpped to
approximately 2%, since this value is considered to be optiméirtiwer steps of
cocoa processing, such as crushing or cocoa butter pressing [19].

In order to obtain the relative air humidity of :8.45% at 135°C inside the
roasting tunnel, corresponding to so called “dry; #ie following equation was used:

Rbd-= R Hz(ooc [ (Psat)zooc (1)

Psat )135° [

where:RHss.c — the relative humidity at 135°C (%3H-c— the relative humidity at
20°C, determined by using the measuring instrument @&)).6-c — water vapour
at 20°C, 2.33M0° Pa; value to be read from [15Ps{)1s5:c — Water vapour at
135°C, 31810° Pa; value to be read from [15].

Air humidity was elevated using saturated steaodyred in a steam generator
(Fig. 1). The values of relative humidity of 2, 5dal0% were shown by the Therm
2285-2B measuring instrument coupled with the FHABB& measuring probe. The
measurements of relative humidity, temperatureflamdrate of air were made with
an accuracy of8:5%, 1°C, and .05 m &, respectively.

Analyses

Determinations of water content and microbiological purigravexecuted for
all samples of raw and roasted cocoa beans. Water content assays West@uaarr
using the thermogravimetric method, according to the Polish Starmiuwal-
76101:1998 [10].

Microbiological analysis

The samples of cocoa beans were analyzed for total numbersraifica
bacteria and their spores, dominating the microflora of ro@stena. These tests
were perfor-med according to the Polish Standards: PN-A-88033:199&®N-|
4833 [11,12].The number of aerobic bacteria was assessed usin@thmatigg
medium containing yeast extract and glucose. The colonies weréedaoafter
48 hrs of incubation at 28°C, and the results were expressed dsotdny
forming units) per g of cocoa beans.
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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 supght with regulating valve, 5 — section of air
parameters control, 6 and 7 — sections for equaligir velocity profiles, 8 — measuring section; 9
balance, 10 — bean batching funnels, 11 — plate; 4€ction of air removal, 13 — recirculated pipe,
14 — air offtaking pipe, 15 and 16 — autotransfasn&7-19 — additional heaters, 20 — insulation, 21
— control panel, 22 — temperature probe (sens8r); Ripe with valve to inlet fresh air, 24 — valve
for regulating recirculation of air, 25 — steam gextor
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The number of aerobic spores was determined &tenit of incubation of the
samples at 80°C (heat shock), and the resultsexpressed as cfu per g of the beans.
The viability of bacterial vegetative cells and sporegraftach roasting
experiment is a percentage value and denotes the ratio oftimelrers after (N)

and before (B roasting.
Triplicate samples of cocoa beans were roastedvien geonditions. Results
displayed in tables are meanstandard deviation (the latter did not exceed 3-4%

RESULTS AND DISCUSSION

Studies on the influence of convective roasting on microbiologigaty of
roasted cocoa beans were conducted at 135, 140 and 150°C, and at a&lative
humidity of 0.35-0.45%, or enhanced to 2, 5 and 10%. Results of the experiments
are collected in Tables 1 and 2.

Table 1. Microbiological contamination of cocoa beans rodste “dry” air (RH of 0.35-0.45%)
using the convective method

Roasting Roasting  Water Number «  Number of *
\ : N/Ng N/Ng
No temperature time content  of bacterial (%) spores (%)
(°C) (min) (%) cells cfug 0 cfug’ 0
Raw beans at
an initial 5.30 48x10 10000 1.4x10  100.00
temperature
of 20°C
1 135+1
35 2.07 25x10 5.20 2.1x10 16.10
RH = 0.45%
2 30 2.05 50x10  10.40 51x10  39.20
3 140¢1 40 2.00 1.4x10 292 15x10 1154
4 RH=040% 45 1.95 9.3x1b 1.96 1.2 x16 9.23
5 50 1.82 5.1x10 10.63 4.7 x19 36.15
6 150+1
30 1.90 3.0x1b 0.63 8.0x 16 6.15
RH = 0.35%

*/No— number of bacteria in raw beans; N — number ofds& in roasted beans.
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Table 2. Microbiological contamination of cocoa beans rodste air with elevated humidity by

means of the convective method

Relative

Number

Roasting - . Water Number
No. temperature hurfm(my Time - ontent of NéNO of spores NgNO
°C) of air (min) (%) bacteila (%) cfug™ (%)
(%) cfug
Raw beans
at an initial
0 - - 530 4.8x1D 100.00 1.4x19 100.00
temperature
of 20°C
1 0.45 35 2.07 25xP0 521 21x1® 16.15
2 35 240 33x10 6.87 3.0x1® 23.07
2+0.5
3 135+1 45 210 81x1d 169 1.6x19 1231
4 5+0.5 60 195 85xf0 1771 81x1® 6231
5 1040.5 45 240 16xf0 3333 15x1b 115.38
6 0.4 30 200 14xP0 292 15x1B6 9.23
7 40 205 65x10 1354 55x10 4231
8 2+0.5 45 198 21x10 4.44 4.0x10 30.76
———  140#1
9 50 191 3.8x10 792 3.1x10 2384
10 40 220 26xf0 542 28x1dD 2153
5+0.5
11 50 210 57x10 119 88x16 6.76
12 0.35 30 190 3.0xio 063 80x16 6.15
13 2+0.5 30 207 10xT 021 16x16 1.23
150+1
14 30 208 19xfo 3958 1.8x1D 138.46
5+0.5
15 45 190 20x1b 044 18x16 1.38

Bactericidal impact of convective roasting with “dry” @&rshown in Table 1.
The killing effect is contingent on temperature and humiditgiof and on the
time of processing. The same result, namely the twofold reudfuictilogarithmic
scale of the number of bacteria, can be achieved by roastiveg ait 140°C for
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45 min, or at 150°C for 30 min. An extension of the time of procesgiig0°C
to 50 min gave rise to activation of the spores that 10 timeaneed the number
of bacteria (to 10cfu per g of beans).

These findings indicate that roasting at 140°C Rhtlof 0.4%, conducted for
longer than 45 min, negatively affects the micrblsiafety of the product. The
activation of spores and increase in the total rerrobbacteria were observed in the
samples roasted for 50 min. This result is botimessince bacteria proliferating in
the roasted material undoubtedly worsen its qudling dormant forms of spores are
activated due to thermal treatment of the cocoadieand their water content of
1.82%, lower than that recommended of 2% [8,9,1697is presumably beneficial
for this process. A similar phenomenon was obsewieen the samples of cocoa
beans were roasted using continuous microwavingdedline in water content
markedly below 1.9% enhanced the number of aetugiterial spores from SI®'
to 3.100° cfu g* [13,14].

According to literature, the Ivory Coast cocoa Ilsestmould be roasted for approxi-
mately 35 min at 135°C [8,9]. These conditions fatexhe desired physicochemical
properties of the material, and its final water teah of approximately 2%. Our
experiments showed that processing carried outrithderecommended conditions
yielded similar humidity (2.07%) of the roasted teabut the residual numbers of
bacterial cells and spores were too large to bepaable. Only 84-95% of micro-
organisms were inactivated (one logarithmic cydejing roasting under these
conditions, whereas processing at 150°C for 30aiiminated 99.37 and 93.85% of
bacteria and their spores, respectively. Our ieandt in accordance with observations
of Kosewska [4], who found that as much as 90 &%d 6f bacteria could be killed
due to roasting at 135 and 165°C, respectively.

Our further experiments were focused on the effect of thevelair humidity
on thermal inactivation of microflora of cocoa beans. This aspeétimportance
since circulating humid air is a potential heating mediuncémoa roasting and,
furthermore, the humidification of the beans’ surface, providing vearchhumid
atmosphere, usually takes place during large scale processing of cocoa.

The results of microbiological tests made on saspfecocoa beans roasted at
135, 140 and 150°C, and RH of 2-10%, are shown in Table 2. The data indicate
that at 135°C the best microbiological quality veahieved after 45 min of pro-
cessing aRH of 2%. The residual numbers of bacteria and #res were 810"
and 1.610° cfu g, respectively. Enhancement of the relative air itifynto 5 and
10% corresponded to an increase in the numbesssiofual bacteria, to 88 and
1.610° cfu g*, respectively, despite longer time of roasting. This faesymably
results from the slightly lower temperature of the shelthef cocoa beans as
compared to that of its core, due to slower evaporation of waiertiie surface
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of the cocoa bean brought about by the cooling effect caused by Hemqeeof
humidity in the air used for roasting. According to the following équnathe
portion of heat delivered to the material upon convective roagtinged both for
its heating and water evaporation.

Qof convection— Qof heating+ Qof water evaporation

When the temperature of the heating medium (air with certaindiyinis kept
invariable (thugof convectioniS CONstant), and the relative air humidgyelevated
(thus Qof water evaporatiohS decreased), thud neatingOf the inside part of material has
to increase. The continued diffusion results in transfer of htyrétid heat to the
surface of the material, bringing about a rise in its teatpeg coupled with water
evaporation.

Our studies demonstrated that cocoa beans roast8d € andrH of 10% for 45
min contained virtually the same population of bdatand their spores as found
before the thermal processing. Although the finahldity of cocoa beans roasted
under these conditions was similar to that aftem8bof roasting at 135°C ariRH of
2%, because of the elevated steam content in theirithe temperature of the beans’
surface was not high enough to inactivate the oain&ting microorganisms.

These findings indicate that roasting of cocoa at 135°CRithdbove 2% is
not sufficiently effective when the elimination of micra#iois the criterion of
assessment. Presumably, the stronger bactericidal effectesdpmger time of
processing, but this solution is economically unprofitable.

The satisfactory killing effect can be attained by conveatbasting of cocoa
beans for 50 min at 140°C aRH of 5% (Tab. 2). These conditions gave rise to
virtually 99% drop in the total number of bacteria (tofB7cfu g*), similarly to
roasting for 45 min (5 min difference in time) at 135°C Bttlof 2%.

The safe level of residual microflora existing oasted cocoa beansI(@ cfu g')
was also achieved after 30 min of processing atsMdRH of 2%, thus in 5 min
shorter time as compared to roasting at 135°CRiddof 0.45%, that left even
more bacteria (2B0° cfu g%). To derive a similar bactericidal effect (the final
number of bacteria of 20" cfu g*) at 150°C, but aRH of 5%, the processing
of cocoa beans had to last 15 min longer, i.e. 45 min, like roastit®5a€ and
RH of 2%. This comparison suggests that the effectiveness of coasting at
the elevatedRH (of 5%), with respect to removal of microbial contamination,
stems from the applied high temperature of air.

Conditions of convective roasting providing satisfactory miabbafety of
roasted cocoa beans are shown in Table 3.
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Table 3.Convective roasting conditions providing microlsafety of cocoa

Roasting  Relative . Water  Number of Number

No temperature humidity Tlme content  bacteria N/No of spores N/No

) ofar@y MV (o dugt P gt P
1 140+1 0.40 45 1.95 icTox 1,96 1.70° 9.23
2 1501 0.35 30 1.85 ao 0.63 10 6.15
3 135+1 2.0 45 2.1 80 1.69 1.6 123
4 150+1 2.0 30 2.07 mo* 021 160 1.23
5 1501 5.0 45 1.90 200 0.44 1800 1.38

CONCLUSION

1. Microbial contamination of roasted cocoa beans depends on conditions
convective roasting. Roasting conditions providing suitable miciadical
safety of the product are as follows:

= dry air RHof 0.4%) at 140°C for 45 min;

= dry air RHof 0.35%) at 150°C for 30 min;

= humid air withRH of 2% at 135°C for 45 min;
= humid air withRH of 2% at 150°C for 30 min;
= humid air withRH of 5% at 150°C for 45 min.
= In all the cases, the rate of air flow was 1'n s

2. These results indicate that 150°C appeared to be the mestiveff
bactericidal temperature, independently from redatiumidity of air, applied as a
heating medium. However, the required time of roasting at 18@%Ccontingent
upon the air humidity.
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Streszczenie. Ziarno kakaowe odmiany Ivory Coadtiime zostato procesowi konwekcyjnego
prazenia Stosowano temperatypowietrza 13% 140, 150C, wilgotng¢ wzgkdn, powietrza z zakresu
0,35-0,45% oraz 2, 5, 10% i stakedkas¢ przeplywwv = 1 mis™. W surowym, jak i wyprzonym w rénych
warunkach powietrza ziarnie okieno poziom mikrobiologicznych zanieczyszcfeg6iry liczbe bakterii
tlenowych; liczlg przetrwalnikéw). Na podstawie uzyskanych wynikdwierdzono,ze najskuteczniejgz
temperatuy pod wzgtdem efektu bakteriobdjczego, niezale od zastosowanej wilgotm wzgkdnej
powietrza tylko w rénych czasach, byta temperatura 4®0Dla temperatury 14Q jakai¢ mikro-
biologiczry okreilam jako bezpiecznuzyskiwano w warunkach tzw. ,powietrza suched@®E 0,4%) i w
czasie 45 minut. Poziom mikroflory wynasy 1 jtk-g* ziara zapewnialy tak temperatura powietrza
135C,RH=2% i czas 45 min.

Stowa kluczowe: ziarno kakaowe, peaie, wilgotné¢ wzgldna powietrza, jaks,
bezpieczastwo mikrobiologiczne



