Original Research Article
COMPARATIVE ANALYSIS OF THE DRYING PARAMETERS OF Theobroma cacao

AND Musa paradisiacal

ABSTRACT

In order to prevent microbial spoilage and degradation responses during storage, agricultural
products are typically dried to eliminate moisture from them. The removal of moisture is
required for the preservation of this substance (drying). Under- or over-drying a product might
result in loss through product damage. This work therefore focuses on the drying of two major
crops grown by local farmers and agricultural companies; Musa paradisiaca and Theobroma
cacao. The drying characteristics, including moisture content, moisture loss, and drying rates,
were examined experimentally in this study. This was obtained with the use of a locally
fabricated cross and through circulation dryer for drying and a moisture analyzer to obtain
moisture contents while taking into account temperature ranges between 40 and 80 °C and time
intervals from 5 to 40 minutes. The result of the experiment showed that, the crops' moisture loss
and drying rate depend on the time and temperature they are exposed to. The Musa paradisiaca
crop has more natural moisture than Theobroma cacao and hence, it takes a longer time to dry
with a rapid moisture loss in the early within 40 to 70 °C and at drying time between 0 and 40
minutes. Theobroma cacao dries more rapidly with a 72% moisture lost at temperatures between
40 and 60 °C. A temperature range of 60 to 70 °C at any drying time would therefore be
sufficient to dry Theobroma cacao and Musa paradisiaca for their drying preservation.

Keywords: Moisture content, Drying rate, Theobroma cacao, Musa paradisiaca, Moisture
analyzer.

INTRODUCTION
1.1 Background of the Study

Theobroma cacao also known as cocoa beans from the Sterculiaceae Family [1] are abundant in
nations like Cote d'lvoire, Ghana, Nigeria, Cameroon, Brazil, Equador, Papua New Guinea,
Indonesia, and Malaysia because of the wet tropical forest climatic region found in these
equatorial countries. Cocoa beans have found use in beverages, pharmaceuticals, cosmetics and
toiletries, and the chocolate industry [2]. Africa, where these beans are a major source of
livelihood, has a global cocoa capacity of 68% while the remaining 32% is shared almost equally
between Southern-America and Asia [3], [4]. Nigeria is the third and fourth largest cocoa
producer in Africa and in the world respectively coming after the world’s largest, Ivory Coast
(1900 million tons (MT)/year) and Ghana (850 MT)[5]. The biological make-up of cocoa beans
is extremely complex and changes easily over time depending on the processing method,
geographical origin [6].The target industry determines the quality of the beans, storage
technologies, and processing conditions [7]. Cocoa is currently being used to treat intestinal
infections, diarrhea, and respiratory sicknesses [8].

The primary processing of Cocoa is very time-consuming from the farmer’s point of view. It
includes harvesting, gathering the ripe fruits at a central location on the farm, fruit opening,



removing the beans, fermenting the beans, and drying the beans [9]. Fermentation and drying are
particularly important since they are largely responsible for the typical Cocoa flavor precursors
which develop later during the roasting of the beans and for the keeping quality of the raw beans.
Plantain is a major group of banana varieties (genus Musa) that are stapled fruits in many
tropical areas [10]. Globally, plantains account for about 85 percent of all banana cultivation
worldwide. Nearly all edible plantain cultivars are derived from two wild species, M. acuminate
and M. balbisiana [11]. These wild species are classified on the basis of the proportion of the
genetic constitution contributed by each parental source [11]. With about 32% of global plantain
production, West Africa is among the world’s largest producers of plantains. Ghana, Nigeria,
Cote d'lvoire, and Guinea are among the region's top plantain-producing nations with Nigeria
producing about 2.4 million metric tonnes of the fruit. It is consumed as a starchy food by
humans either as flour to be used in local and foreign confectionery or as jams and jellies; in
chips, etc. Its peel can be used as animal feed [11]. All parts of the banana plant have medicinal
applications, the flower in bronchitis and dysentery and on ulcers, cooked flowers are given to
diabetics [12]. Its leaves are also useful for lining cooking pots and for wrapping. Improved
processes have also made it possible to utilize banana fiber for ropes, table mats, and handbags.
Despite these many uses of Musa paradisiaca and Theobroma cacao and the huge tonnages each
year, there are certain problems such as inaccessibility to production areas, far distances between
production areas and customers, inadequate infrastructures for harvesting, carelessness on the
part of harvesters and handlers among others which are all factors that lead to high rate of post-
harvest losses and raw food wastages [12].

Drying is a simple process of removing excess water or moisture from a product in order to reach
the requirement of standard specification moisture content [13]. Drying is important especially to
reduce the food product moisture content, as usually these have much higher water content than
the one that is suitable for long preservation [14]. Reducing moisture content of food product
down to a certain level slows down the action of enzymes, bacteria, yeasts and molds [15]. Thus
food can be stored and preserved for long time without spoilage. Drying parameters are key
parameters with direct effects on drying and quality of the products [14]. The drying parameters,
which can be obtained and calculated for during the drying process are used to determine the
efficiency of the drying method used in the drying process. Different drying parameters can be
obtained for a particular drying method. Some of the drying parameters include; moisture
content, drying rates, diffusion coefficient, chemical acidities and pH, fatty acid content, relative
humidity, equilibrium moisture content, drying temperature, moisture ratio [16].

A variety of these drying methods have been investigated separately at various levels in the
drying of Cocoa beans [1], [4], [17]-[35] and plantain [36]-[39] with objectives to improve the
drying properties and final quality of the products. Some of these drying methods used to
obtain quality parameters are open sun, solar, oven, microwave, and freeze drying [5]. Deus et al
[19] dried cocoa beans at 60°C to monitor the activity of antioxidant and the presence of
compound, while ochratoxin A. presence was observed in only one sample after drying.
However, they concluded that the traditional method of drying conserved the most antioxidant
activity and phenolic compound composition. Castellanos et al [18] studied used a combined
infrared and convection dryer to study the chemical composition of cocoa beans at 50 °C, 55 °C,
and 60 °C. MacManus Chinenye et al [28] concluded that the drying process was higher at
higher drying temperature, leading to higher drying rates and cost effectiveness, while studying
the drying Kinetics of Theobroma cacao L. under isothermal conditions using a heated batch
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dryer at 55, 70, and 81°C. Guehi et al [21] used solar drying, oven-drying, and mixed-drying
methods to check the acidity levels of different degrees of fermented cocoa beans. Hii et al [22]
improved the quality of Ghanaian, Malaysian, and Indonesian cocoa beans in terms of lower
acidity (higher pH) and higher degree of browning using a heat-pump drier and constant step-up
air at 30.7-43.6-56.9 °C. Tardzenyuy et al [4] posited that at using a conventional dryer and
setting the temperature to 35 °C, time to 96 h, aeration rate to 15 m’/s, and Space/quantity ratio
to 12 m?/50 kg, the required world standard of 7.0% moisture content of dried cocoa beans can
be achieved under the prevailing weather conditions thereby improving the value of dried cocoa
beans by $2.8/kg in the local and international market.

Fadimu et al [39] analyzed plantain dried with a cabinet dryer, Solar drier, Sun dried, and oven
dried while checking the chemical, color, functional and pasting properties, moisture, ash, etc.
Their results suggested that any drying method could be used to produce good quality plantain
flour. Arinola et al [37] suggested that oven and fluidized bed drying provided better alternatives
to the traditional natural sun drying of unripe plantain especially in terms of final viscosity, peak
viscosity, breakthrough viscosity; chemical and functional properties after testing their
viscosities, protein and ash content, pH, energy value, water absorption capacity, oil absorption
capacity, and swelling power. In the light of these, this study aims to analyze dried Cocoa beans
and plantain — two of Nigeria’s most abundant food produce using a locally fabricated two-way
dryer. It monitors the moisture content profile using a moisture analyzer and compares the effect
of using the same temperature and time ranges to determine their moisture content and drying
rate.

MATERIALS AND METHODS
Sample collection and preparation

Edo state Nigeria. The pods were cleansed.of the‘dirt by soaking in flowing water. The beans
were removed from the pods and the seeds coat was separated from the cocoa seed. This was
used immediately to ensure accurate results: To control browning, the unripe plantains were
rinsed with clean water, hand peeled with a stainless kitchen knife, and sliced with a food slicer
into a circular shape for evendistribution of weight and thickness and wider surface area within
15 minutes. This was then seaked.in.warm water at 40 °C for 5 minutes.

Drying procedure

Drying of sampleswas dene with a locally fabricated dryer at temperatures of 40 to 80 °C, and at
interval of 5°C. Evaluation of the initial and final moisture content of the two separate samples
(Theobroma cacao.and Musa paradisiaca) was obtained using the moisture analyzer XY110MW.
Prior to.placing the samples in the drying chamber, the locally fabricated dryer was firstly pre-
heated“to 40° C and ran for 10 minutes to achieve uniform heating and temperatures. The
different samples were placed in the moisture analyzer to obtain the initial moisture content at
the beginning the drying process. The Cocoa beans were placed on a clean aluminum tray and
placed onthe dryer shelf. Further samples of cocoa and plantain, they were dried at the different
temperature intervals ranging from 45 to 80 °C using the exact same process. In order to
determine the mass of the sample at any point throughout the experiment, the aluminum tray was
removed from the drying chamber and weighed on a (electronic scale) positioned very close to
the dryer.
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Drying Rate
The drying rate is the pace at which a substance loses moisture [40]. It is commonly expressed as
a percentage of moisture per unit of time. This can be attained at a particular time.
Xi — Xf
Drying rate (DR) = (ti) (@))
C
where Xi = initial moisture content
Xf = inal moisture content
t. = total time elapsed |

Moisture Content
The moisture content is the weight of water contained in an object or:material. Moisture
analyzers is used in this experiment to measure the moisture content. . The moisture analyzer
weighs a sample, and obtains the moisture content of the sample.

Moisture Loss
The moisture loss is the amount of moisture removed in a solid,.sample [41}. Moisture loss in this
experiment was obtained mathematically according to [42]. Using:

Moisture loss(ML) = M, — M, 2

where M, = initial moisture content
M, = moisture content measured at time

RESULTS AND DISCUSSION

Moisture content

Figure 1 and 2 shows how the moisture contents of cocoa beans and plantains respectively varied
with temperature and drying time. As:observed for the majority of agricultural products by [43],
the moisture levels in every case.can be’seen to drop as the temperature increased. The
continuous decrease in the moistureicontent with an increase in temperature resulted in the
reduced drying time as seen from the negative trend lines at the individual times.

For Cocoa drying, the highest reduction in moisture content occurred between 40 and 60 °C for
all time trials (between 61 to 82 % moisture content reduction) with the maximum reduction
occurring at 60 °C...for time run of 5 minutes, 40 °C for 10, 15, 25, and 30 minutes of drying, 45
°C for 40 minutes of drying This shows that it takes a shorter period with higher temperature for
the moisture‘content of cocoa beans to be reduced effectively. Similar result was also observed in
the study of cocoa drying by Mujaffar et al, Guda et al, Hii et al, and Waheed & Komolafe [1],
[20], [31],]35].

[ Comment [N4]: Use Equation editor ]

[ Comment [N5]: Reference/whose methodology? ]




Moisture content vs Drying temperature
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Image 1: Representation of moisture content variation wi/;&d%ing temperature for Cocoa
beans V"

The moisture present in each material reduces with tlme%ng@ermfmcrease in temperature till
it attains a near static value [43]. This near statlc values are as a result of the material
approaching moisture equilibrium where there is little or no ché“inge in the moisture content of the
material even after further subjecting to high temperatures considering time. This phenomenon
was observed between 65 and 80 °C (36. /@méglstur%/content reduction) and increased drying
time. %
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Moisture content vs drying temp for plantain
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Figure 1: Representation of moisture content variation with drying temperature for
Plantain



For the drying of plantain, on the other hand, the highest reduction in moisture content occurred
between 40 and 70 °C [37] for all time trials (73 to 92 % moisture content reduction) with the
maximum reduction occurring at 40 °C for time runs of 5 to 35 minutes. However, for 40
minutes of drying of plantain, the maximum reduction occurred at 45 minutes. This is an
expected result as the trend line reveals a relatively gentle slope indicating a gradual and
progressive overall decrease in moisture content. It takes a relatively longer period with higher
temperature for the moisture content of plantain to be reduced effectively. This near static values
of plantain was observed between 75 and 80 °C with a maximum moisture content reduction of
26.1% at the lowest drying time of 5 minutes.

Generally, the moisture content of plantain was far more than those in cocoa seeds (almost
double) [37], [39] and from the moisture content reduction plot above, it is-evident that cocoa
seeds would dry faster than plantain. This experimental data also demonstrates.that the primary
physical process controlling moisture migration in the drying samples is-diffusion;[44].

Moisture loss

The moisture loss is the amount of moisture removed in a solid sample [41]. The initial moisture
content was obtained by the moisture analyzer using the freshly prepared samples before the
drying procedure while the moisture content measured at time was obtained at the various time
intervals. Results for the moisture loss was obtained for both samples.
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Figure 2 Representation of moisture loss varration with temperature Tor Cocoa and
Plantain at 5 minutes
From Figure 2.1t was observed that the moisture loss for cocoa and plantain at 5 minutes interval
increased between.50°C and 55°C after which there was continuous increment throughout the remaining
temperatures ranging from 60°C and 80°C.
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Figure 3 Representation of moisture loss variation with temperature for Cocoa and

plantain at 10minutes

From Figure 3. It was observed that the moisture loss for Cocoa and plantain at 10minutes
interval increased between 40 and 50°C. It was also observed that the moisture loss from 55°C till

approximately 70°C can be negligible.
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Figure 4 Representation of moisture loss variation with temperature for Cocoa and

plantain at 15 minutes

From Figure 4. It was observed-that the moisture loss for Cocoa and plantain at 15 minutes’
interval was increasing continuously:with increase in temperature throughout the period. But it
was seen that there was a negligible change in the moisture loss from 30 to 40°C.
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Figure 5 Representation of moisture loss variation with temperature for Cocoa and

plantain at 20 minutes

From Figure 5. It was observed that the moisture loss for Cocoa and plantain at 20 minutes
interval was negligible for temperature 30 to 40°C. This was also observed in Figure 4.1.4. The
moisture loss over the remaining temperature increased continuously with increase in

temperature throughout the period.
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Figure 6 Representation of moisture loss variation with temperature for Cocoa and

plantain at 25:minutes

From Figure 6. It was observed that the moisture loss for Cocoa and plantain at 25 minutes’

interval increased noticeably from the first-run. It is also observed that at the temperature of 55 to
60°C little moisture loss occurred here. Maisture-loss that occurred between these temperatures was 0.2.
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Figure. 7 Representation of moisture loss variation with temperature for Cocoa and
plantain at 30 minutes

From. Figure 7. It is observed that the moisture loss for Cocoa and plantain at 30 minutes’
interval:also increased noticeably from the first run. Here the moisture loss at temperature 75 to

80°C was negligible having a value of 0.1.
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Figure 8 Representation of moisture loss variation with temperature for Cocoa and
plantain at 35 minutes
From Figure 8. It was observed that the moisture loss for Cocoa and plantain at 35 minutes
interval is minimal between temperatures 65 and 80°C having a value of 0.6. This implies that at
those temperatures, there is no tangible moisture loss.
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Figure 9 Representation of moisture loss variation with. temperature for Cocoa and
plantain at 40 minutes

From Figure 9. It was observed that at 40 minutes’ recorded.the maximum moisture loss. The
rate at which the moisture was lost increased directly with an increase in drying time [45]. In
general, the figures 1 — 8 shows the different rates at which moisture is lost in the cocoa and
plantain samples at the different temperatures.at constant.time of drying. This simply shows the
significant change that occurs in the reduction of moisture in the plantain sample as regards to
the drying time. This also occurred similarly in-the cocoa sample.

4.2 Weightloss /.o
Weight loss was obtained for both samples:at the different temperature and time intervals. This

was obtained using the moisture analyzer apparatus. A reduction in mass of the materials, cocoa

and plantain was also recorded during the drying process as presented in Figure 10 and 11. It was

observed that the weight of each sample decreased with an increase in time and temperature [46].

Here at 5 minutes’ interval of in-dryer time, and a total time elapsed of 45 minutes at a maximum

temperature of 80 °C the'weight of the first sample of cocoa was observed to reduce from the

initial weight of*3g:to 0.859. This reduction was observed in all the runs for the different

samples. The-difference in the initial and final weight of the samples was as a result of the

reduction in moisture content over time [44].
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Weight loss
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Figure 10 Variation of weight loss with time at the different drying temperatures for Cocoa
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Figure 11 showing variation of weight loss with time at the different drying temperatures

for plantain

The variations of weight loss with time at the different drying temperatures for the different
samples showed that the initial temperature there was minimal weight loss but as the temperature
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increased over time, there is a steady loss of weight. The largest amount of weight loss was
recorded at the highest temperatures.

4.3. Drying Rate

The drying rates for the different samples was obtained analytically in this experiment for the
different drying time. The drying rate is the pace at which a substance loses moisture [40] is
commonly expressed as a percentage of moisture per unit of time.

Drying rate vs Drying time
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Figure 12 showing Variation of Drying rate with drying for cocoa and plantain

Figure 12 is a plot of the drying rate against the drying time. As expected, the drying time has
significant effects on the drying rate of the’samples. As the time interval increased from 0 to 40
minutes, the drying rate deceased:up till 30,minutes’ interval (70 minutes) when the drying rate
became almost constant. At this point, the increase in drying time had little or no effect on the
drying rate of both the cocoa-and plantain. The highest drying rates occurred rapidly during the
early minutes of the drying.(between 5 and 15 minutes’ interval for plain) while that of plantain
has a smoother slope showing. a gradual drying rate gradient from the beginning of the drying
time till the 40-minute interval. Similar results were obtained by Komolafe & Waheed [43]. -
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Conclusion .~
From the analysis.of the drying of parameters of Theobroma cacao and Musa paradisiaca, the {Ct?mtr_nentf[tlal_llt]:d Compare findings with the }
objectives o IS stuay

following conclusions can be made;

> 'Drying Cocoa beans and plantain at high air temperature leads to high drying rates, the
drying rate and moisture loss at the initial temperature of 40°C is more than double at the
final temperature 80 °C.

» The majority (82%) of the moisture loss of cocoa beans occurred between 40 and 60 °C
while that of plantain (92%) was more gradual occurring between 40 and 70 °C.

» The drying rate of cocoa with time was more gradual and steady while that of plantain
decreased rapidly during the early minutes of drying (between 45 minutes and 55
minutes).

» The maximum decrease in moisture content occurred between 45 minutes of the drying
of cocoa while that of plantain



» A temperature ranges of 65 to 70 °C and a drying time of 10 minutes are therefore the
optimal conditions for the preservation of residual waste from mass production of
(Theobroma cacao) and (Musa paradisiaca) respectively.
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