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ABSTRACT

In this study a conductive rotary dryer (CRD) was developed for the drying of pulverized cassava meal
with a view to mechanizing the traditional sun-drying method. The effects of four parameters of the
dryer were investigated and optimized using the Taguchi technique. Drum temperature had the most
significant effect on the swelling index of the cassava meal with signal-to-noise ratio difference of 3.16.
A swelling index of 1.02 was predicted for cassava meal dried at drum temperature of 140°C, vapor
extraction rate of 0.03 m%sand 8 kg of wet cassava meal per batch. The moisture content of the cassava
meal decreased from 45 % to 10 % (wet basis) in an average of 44 minutes and the proximate
composition of the dried cassava meal met the standard specification recommended for cassava flour.
The application of the CRD was better than traditional sun drying and its injection into the cassava
processing industry can contribute to agro-industrial growth in cassava producing countries of Africa.
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INTRODUCTION

Cassava (Manihotesculenta Crantz.) is a major food crop
grown in many tropical parts of the world. It supplies
about 70% of the daily calorie requirement for over 50
million people in Nigeria (Oluwoleet al., 2004). It is widely
reported that over 500 million people around the world
derive their daily carbohydrate intake from cassava
(Cock, 1985; FAO, 2000; Udofia et al., 2010). Nigeria
ranks as the largest producer of cassava in the world with
an estimated annual production of between 34 and 37
million metric tons in 2002 (FAO, 2004, 2006). Nigeria
currently produces about 40 million metric tons of
cassava annually, but is yet to be a major player in the
global cassava market (Babatunde 2012). Estimate of
cassava use in Nigeria shows that about 84% of annual
production is processed into various foods for local
consumption (Phillips et al., 2004). Among many of the
staple foodstuffs produced from cassava, gari (fermented
and gelatinized cassava meal) and fermented cassava
flour (lafunor fufu) are the most widely consumed
(Oluwoleet al., 2004).

High quality cassava flour (HQCF) is fine,
unfermented, odorless and bland flour with no gluten

(USAID, 2010). HQCF has contributed to cassava
industrial revolution in Nigeria and Ghana with enormous
potentials in other countries in West Africa (Sanni et al.,
2009). The product has been found to be suitable for
making cakes, cookies, doughnuts and bread. It also
serves as an industrial raw material for textiles, plywood,
paper and pharmaceutical industries (Dziedzoave et al.,
2006). HQCF can be produced by a process similar to
gari production. According to Nwekeet al.(2002) gariis
produced by washing and peeling freshly harvested
tubers of cassava. The peeled tubers are grated into a
watery pulp andleft to ferment in perforated polyethylene
bags for a few days, after which it is dewatered by
pressing. The pressed cake of about 45 — 50 % moisture
content is sieved and toasted on a hot frying pan during
which the starch granules gelatinize. The end product is a
ready-to-eat, white or yellowish meal popularly known as
gari. For HQCF the grated mash is pressed immediately
to prevent fermentation and the pulverized wet meal is
dried under a relatively low temperature to prevent
gelatinization of the starch granules. The dried product is
then milled to produce fine flour. At the end of production
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both gariand HQCF should have a maximum moisture
content of 11 % wet basis (CIGR, 1999; SON, 2004).

Challenges with drying of wet cassava meal

Drying of the wet cassava meal to produce HQCF
constitute the most critical processing operation. Due to
lack of appropriate technology for drying, most local
processors resort to the use of crude and unhygienic
traditional methods, which affect the quality of the product
(Ajibola et al., 1998). Open-air sun-drying of wet cassava
meal is widely practiced and efforts to mechanize the
drying of wet cassava meal have been mainly targeted
towards gari production.The flash dryer was adapted for
drying wet cassava meal for HQCF production on a
commercial scale but with little success, largely due to
high ownership and operational costs (IITA, 2005). A
conductive rotary dryer (CRD) was designed and
fabricated in the Department of Agricultural and
Environmental Engineering, Obafemi Awolowo
University, lle-Ife, for the rapid drying of wet cassava
meal for gari and HQCF production (Sanni, 2014; Sanni
et al., 2015). The CRD operational parameters such as
drum temperature, vapor extraction rate, shape of flight
were variable and the CRD was successfully used to dry
wet cassava meal to safe moisture content. However the
effect of the dryer parameters on the drying
characteristics and quality of HQCF needed to be
investigated so that improvement in its design and
upgrading can be achieved.

Quality characteristic of dried cassava meal

Swelling Index (SI) of a granular food material is the ratio
of its final volume when soaked in distilled water to its
initial dry volume (Ajibola et al., 1987). Studies have
shown that swelling index (Sl) of dried cassava mealis a
quality characteristicwhich measures its degree of
gelatinization and dryness (Owuamanamet al., 2010).
When soaked in water, gari (gelatinized cassava meal)is
expected to swell beyond its initial volume and previous
works have shown that the swelling index of gari can vary
between 2.0 and 4.0 depending on the cassava cultivar
and processing method used (Irtwange and Achimba,
2009; Apea-Bah et al., 2009). According to Sanni et al.
(2015), a dried and gelatinized cassava meal (e.g. gari)
has higher values of swelling index and a dried but less
gelatinized cassava meal (e.g. HQCF) has lower values
of swelling index.

Description of the conductive rotary dryer (CRD)

The CRD prototype developed by Sanni (2014) is
basically a stainless cylindrical drum whose external

surface is heated directly by electrical heating elements.
The drum is horizontally supported on four small rollers
and rotates at a low speed while its surface heats up
simultaneously. One or two flights each having the same
length with the drumcan be located on the inner surface
of the drum for lifting and dispersing the wet cassava
meal to be dried. The wet cassava meal of predetermined
weight and moisture content is introduced into the drum
from one end through a hopper and a screw conveyor,
and by means of the internal flights and rotation of the
drum, the cassava meal is intermittently lifted and
dispersed or ‘fluidized’ in a cascading motion. The lifting
and dispersion of the cassava meal helps to increase the
surface area of individual granules exposed to the drying
air thereby increasing the rate of drying (Mujumdar,
2006). By conduction the wet cassava meal in contact
with the hot drum surface absorbs the sensible heat
required for vaporization, and by means of aperforated
and cylindrical air duct and the action of a centrifugal fan,
the vapor from the wet cassava meal is continuously
extracted from the drying chamber by suction. The
rotating drum is entirely enclosed by an insulated wall
lagged with fiber glass to prevent heat loss. At the end of
drying, the cassava meal is discharged from the drum by
gravity through a trough located directly below it.
Compared to the popular sun-drying or open-air toasting
methods, hygiene-sensitive foods such as HQCF and
gari are completely protected from contamination. Figure
1 shows the orthographic drawing of the section through
the longitudinal axis of the CRD. Compared to the flash
dryer, the design of the CRD is simple because the
electrical heaters can be replaced with cheaper sources
of energy such as cooking gas, charcoal or bio-gas.

MATERIALS AND METHODS
MATERIALS

The materials and equipment used for the investigation
are the conductive rotary dryer used for all the drying
experiments, freshly harvested cassava tubers of the
variety TMS 30572, motorized grater for milling cassava
tubers and vertical screw press for dewatering grated
cassava mash. A manually woven screen mesh was
used to pulverize and sieve the pressed cassava cake.
All other experiments were carried out in the laboratories
of the Department of Agricultural and Environmental
Engineering and Animal Science Department of Obafemi
Awolowo University, lle-Ife, Nigeria.

Experimental Methods

Experimental design

According to the method used by (Akhyaret al., 2008),
and Esme (2009), the Taguchi statistical method and
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Figure 1. Sectional drawing of the conductive rotary dryer

1-rotary drum; 2-feed hopper; 3-feed auger; 4-discharge trough; 5-centrifugal fan; 6-insulated housing; 7-

vapour extraction duct; 8-flight

Table 1. Levels of dryer parameters

Symbol Process Parameters Unit Level 1 Level 2
A Flight shape - Straight Curved
B Batch quantity kg 5 8
C Vapour extraction rate m/s 0.0075 0.03
D Drum temperature °C 140 190

analysis of variance (ANOVA) were used to study the
effects offour process parameters namely, shape of flight
in the drum, quantity of wet cassava meal fed into the
drying chamber (kg), vapor extraction rate from the drying
chamber (m%s) and drum temperature (°C). Each
parameter was varied at two levels as presented in Table
1.

The L8 orthogonal array experimental design was
chosenfrom the Taguchi array selector and eightdrying
experimentswere run in the CRD to study the effect of the
four parameters on the drying characteristics and quality
(swelling index) of cassava flour produced. The L8
experimental design was chosen because the degree of
freedom (DF) of the 8 experiments (DFexperimens=7) iS
greater than that of the four dryer parameters varied at
two levels each (DFgyer parameters = 4). The experimental
design used for the study is presented in Table 2.

The Taguchi loss function was also determined
according to the method used by Kamaruddin et al.(2004)
and Esme (2009). The relationship between the swelling
index and quality of dried cassava meal to be used for
HQCF is thatthe lowerits swelling index the better

because minimum gelatinization of starch granules is
desired. Therefore the Taguchi loss function which is
equivalent to the mean squared deviation (MSD) was
based on the-lower-the-better criterion and the following
mathematical expression was used to calculate the
corresponding signal-to-noise ratio (S/N) for each
experiment:

Py = — n_ of
= 10iag [Ek =17, }
1)
(%)t = signal-to-noise ratio of the swelling index of

cassava meal from thei™ experiment

n = replicate(s)of swelling index from each experiment

yi= swelling index of the dried cassava meal from the i"
experiment

The S/N ratio was analyzed by finding the average of the
S/N ratio for each of the levels under each parameter.
The level with the higher S/N ratio was chosen as the
optimum level at which the dryer parameter should be
operated. The corresponding value of swelling index at
the optimum level for each parameter was similarly
calculated and recorded. The regression expression of
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Table 2. Experimental design based on L8 orthogonal array

Number CRD Parameters
fE i t
of Experimen = 5 c 5
Flight Batch Vapor Drum
shape quantity extraction temperature
(k) rate (°c)
(m?/s)
1 Straight 5 0.0075 140
2 Straight 5 0.0075 190
3 Straight 8 0.03 140
4 Straight 8 0.03 190
5 Curved 5 0.03 140
6 Curved 5 0.03 190
7 Curved 8 0.0075 140
8 Curved 8 0.0075 190

Equation 2 was used to predict the swelling index of the
dried cassava meal if the CRD was operated at the
optimum levels of the parameters.

Yoe = I':m t Eﬁm_}-’m}-} EFM - }-Fn) t vawr_}?m“ {: ot~ ::m) 2)

Yop= Predicted optimum value of swelling index

¥,,,= grand mean of swelling index

?5W,_. = average value of swelling indexat optimum level
of flight shape

Freue= average value of swelling index at optimum level
of batch quantity

-ﬁ‘n‘anr- =average value of swelling index at optimum level
of vapor extraction rate

Frege = average value of swelling index at optimum level

of drum temperature

2.2.2 Production of wet cassava meal for drying
experiments

Similar to the method used by Ademiluyi et al. (2010)
fresh cassava tubers of the variety TMS 30572 were
harvested from the Teaching and Research Farm of the
Obafemi Awolowo University, lle-Ife. The cassava tubers
were washed, peeled and milled in a motorized grater.
The grated mash was collected in perforated
polyethylene bags and placed under a vertical screw
press for 2 hours to be dewatered. The pressed cassava
cakes were pulverized and sifted into a uniform meal of 2
to 3 mm particle size, in readiness for the drying
experiments.

Determination of initial and final moisture content of
cassava meal

The initial moisture and final content (wet basis) of the
cassava meal wererespectively determined before and
after drying each batch in the CRD for 35 minutes. The
standard oven-drying method described by ASAE (1983)
was used and Equation 3 was used to calculate the
moisture content of the wet cassava meal:

mitiafnaight of morol-Fmal wHght of mesd
Molsture content (% wh] = mastad nangie of mepzi- Fmal wpght of mea
®3)

Drying characteristics of cassava meal in the CRD

X100

faffal worghe sfmaai

Six fractional experiments were carried out to determine
the effects of drum temperature, vapor extraction rate
and batch quantity on the drying characteristicsof
cassava meal in the CRD. The six experiments were run
at different combinations ofthe parameter levels as
presented in Table 3.

Other parameters such as drum speed, shape and
number of flights were kept constant. Each experiment
was run for 60 minutes until the there was no more
moisture in the cassava meal. During each experiment
samples were taken every 5 minutes and used to
determine the moisture content of the cassava meal in
the dryer.Moisture content of each sample was
determined using the ASAE (1983) standard with slight
modification. From each sample, 20 g of cassava meal
was put in a drying can of known weight and placed in
the oven at 105°C for 5 hours until equilibrium was



Table 3. Fractional experimental design for drying characteristics
of cassava meal in the CRD

B C D
Number
of Experiment Batch Vapor Drum
quantity extraction rate  temperature
(kg) (m°/s) €
1 5 0.0075 140
2 5 0.03 200
3 8 0.03 140
4 8 0.0075 140
5 8 0.03 200
6 5 0.0075 200
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Table 4. S/N responses to swelling index of cassava flour

Exp. Parameter Initial Final Swelling SIN
No. Levels moisture Moisture index ratio
content content

A B CD (%) (%)

1 1111 45 16.12 1.72 -4.71
2 1112 45 6.77 2.89 -9.22
3 1221 45 19.79 1.00 0

4 1222 45 9.43 1.94 -5.76
5 2 121 45 16.07 1.67 -4.45
6 2122 45 7.24 2.06 -6.28
7 2211 45 14.98 1.61 -4.14
8 2212 45 8.53 1.72 -4.71

reached. The weight of the bonedry sample gwelling Index = Final velume ofcasrave meal In waier

wasmeasured and recorded. The moisture content (%
wet basis) for each sample was calculated using
Equation 3.The values of moisture content were used to
plot the drying curves for the six experiments. For each
parameter the averages of the moisture contents at its
lower and higher levels were calculated and used to plot
low and high level curves. The hysteresis between the
two curves for each parameter were usedto analyze the
effect of each parameter on drying characteristic of
cassava meal in the CRD.

Determination of swelling index

At the end of each drying experiment outlined in Table 2,
the batch of dried cassava meal was evacuated from the
CRD and allowed to cool. The swelling index (Sl) of each
batch was determined by the method used by Apea-Bah
et al. (2009) with slight modification. Initial volume of 18
ml of the dried cassava meal was introduced into a 100
ml measuring cylinder. The measuring cylinder was filled
with distilled water to the 100ml mark and shaken for
proper mixture. The solution was allowed to settle for 5
minutes before shaking again. The intermittent shaking
and settling lasted for 20 minutes and after the last
settlement, the final volume of the cassava meal was
recorded. The swelling index was calculated as:

Mabedal doy volume

4)
Proximate analysis of HQCF

At the end of each drying experiment in the CRD,
samples were taken from each batch of the dried
cassava meal for proximate analysis. The standard
method recommended by AOAC (1987) was used to
determine the moisture content (%), ash content (%),
crude fiber content (%), ether extract (%) and crude
protein content (%) of the samples. The proximate
composition of the dried cassava meal was compared
with SON (2004) specifications for HQCF.

RESULTS AND DISCUSSION

The final moisture content (% wet basis), swelling index
and corresponding S/N ratio which was derived from
Equation (1) for the cassava meal from each experiment
are summarized in Table 4.0Only cassava meal from
Experiments 2, 4, 6 and 8 had moisture content below
the recommended 11 %.The cassava meal from
Experiment 8 which had a moisture content of 8.53 %
and swelling index of 1.72 was used for proximate
analysis. Table 5 shows that the proximate composition
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Table 5. Comparison of proximate compositions

Proximate composition of cassava flour

Moisture Carbohyd- Ash Crude fiber Crude Ether

content rate protein extract
*SON standard 13% 70 % 3% 2% - -

maximum minimum maximum maximum
Cassava meal 8.78 % 82.37 % 1.29% 1.54 % 1.97 % 0.67 %
From
Experiment 8

*Standard Organization of Nigeria (2004)
Table 6.S/N responses to swelling index of dried cassava meal
CRD Symbol Average S/N Ratio Parameter Grand Difference Ranking
Parameter Level 1 Level 2 Average Mean of SIN
Shape of A -4.92 -4.90° -4.91 0.02 4"
flight 1.89 1.77° 1.83
S/N:
Batch B -6.17 -3.65% -4.91 -4.91 2.52 2
quantity 2.09 1.57° 1.83
Sl

Vapor C -5.70 -4.12° -4.91 1.83 1.58 3"
extraction 1.99 1.67° 1.83
Drum D -3.33° -6.49 -4.91 3.16 1
temperature 1.50° 2.15 1.83

#Higher value of S/N ratio indicate the optimum level of each parameter: A,B,C,D;
bCorresponding values of swelling index of at optimum levels of each parameter

Al A2 Bl B2 C1

IS

S/N Ratio for swelling index
n

&

c2 D1 D2

—&— signal/noise ratio

e Nean
>— o - - - - - - - - -

CRD Process Parameter Level

Figure 2. Effects of CRD parameters on the swelling index of dried cassava flour

A; and A;: S/N ratio of swelling index for the use of straight and curved flight respectively

B; and B,: S/N ratio of swelling index at batch quantity of 5 kg and 8 kg respectively

C, and C,: SIN ratio of swelling index at vapor extraction rate of 0.0075 m*/s and 0.03 m%s respectively
D1 and D2: S/N ratio of swelling index at drum temperature of 140°C and 190°C respectively

of cassava meal dried in the CRD compared favorably
with the SON (2004) standard for cassava flour. The S/N
ratio analysis and the corresponding values of swelling
index for the two levels of each parameter are presented
in Table 6.

The difference between the high and low S/N ratios for
each parameter indicatesthe effect of the parameter on
the swelling index of the dried cassava meal.As shown in

Table 6, the differences in S/N ratio in descending order
for drum temperature, batch quantity, vapor extraction
rate and shape of flight are 3.16, 2.52, 1.58 and 0.02
respectively. The ranking in the last column of Table 6
shows that drum temperature had the greatest effect on
the performance of the CRD,therefore a small change in
the drum temperature will have significant effect on the
swelling index of cassava meal with atleast 99%
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Figure 3. Drying curves of cassava meal under different drying conditions
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Figure 4. Effect of batch quantity level on drying kinetics of cassava meal

confidence. The shape of flight had very little effect (S/N
difference = 0.02), indicating that the shape of flight used
did not really matter. A straight flight which is cheaper to
produce can therefore be used in place of the curved
flight, thereby reducing the cost of the dryer. However the
S/N ratio analysis shows that the optimum levels at which
the CRD parameters should be wused for best
performance is curved flight (A,), higher batch quantity of
8 kg of cassava meal (B;), higher vapor extraction rate of
0.03 m*/s (C,) but lower drum temperature of 140°C (D).
The graphical illustration in Figure 2 shows the main
effects more clearly.

Figure 2 shows that batch quantity of 8 kg, vapor
extraction rate of 0.03 m*s and drum temperature of
140°C arethe optimaloperating levels at which the CRD
should be operated for producing dried cassava meal
with a swelling index appropriate for HQCF production.
TheS/N ratio line for shape of flight did not deviate from
the mean significantly, meaning that shape of flight did
not significantly affect the swelling index of cassava

mealin the CRD.The analysis of variance (ANOVA)in
Table 7 confirmed the signal-to-noise ratio analysis.Drum
temperature and batch quantity had significant effects
with F-values of 7.22 and 4.22 respectively at 99%
confidence. The contributions of each parameter to the
performance of the dryer in order of strength are 42.89 %
from drum temperature, 27.46 % from batch quantity,
10.41 % from vapor extraction rate and only 1.47 % from
flight shape.

By substituting the values of swelling indexat
optimum levels (from Table 6) into Equation 2, a swelling
index of 1.02 was predicted. The predicted swelling index
of 1.02 is closer to unity than all the values in Table 6
meaning that operating the CRD at the optimum levels of
the four parameters will produce dried cassava meal with
very low swelling index good enough for HQCF
production. The CRD parameters were therefore
optimized.

The drying curves which were generated from the
moisture contents of the six fractional factorial
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Table 7. Result of ANOVA on the swelling index of gari

Parameter Process Degree of  Sum of Mean F Contribution
Code Parameter Freedom Square Square (%)
A Type of flight 1 0.029 0.029 0.248 1.47
B Batch quantity 1 0.541 0.541 4.624* 27.46
Cc Vapour extraction 1 0.205 0.205 1.75 10.41
Rate
D Drum temperature 1 0.845 0.845 7.222* 42.89
Error 3 0.350 0.117 17.77
Total 7 1.97 100
*At least 99% confidence
__ 100 +
2 90
.§ 80 -
5 70 +
=x 60
g 50 7 —«(0.0075m3/s)
S .
= 40
S 30 - —=—(0.03m3/s)
L 20 A
2 10 -
§ 0 T T " :
0 20 40 60 80
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Figure 5. Effect of vapor extraction rate level on drying kinetics of cassava meal
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Figure 6. Effect of drum temperature level on drying kinetics of cassava meal

experiments of Table 3are shown in Figure 3. The legend
of the graph shows the experiment numbers and their
respective levels of the three parameters.

The swelling indices of the cassava meal which were
determined after 50 minutes of drying in the CRD were
1.75, 2.36, 1.78, 1.94, 2.19 and 3.22 for Experiments 1,
2, 3, 4, 5 and 6 respectively. The time at which each
batch of cassava meal reached moisture content of 10 %
(wet basis), can be read off at the intersection between
each drying curve and the 10 % benchmark line. The
drying curves of Experiments 1,3 and 4 are more linear
and produced cassava meals with lower values of
swelling indices (1.75, 1.78 and 1.94 respectively) and
were good for HQCF production. The time taken for them

to reach the recommended 10 % moisture content were
longer, ranging from 40 — 48 minutes. The products of
Experiments 2, 5 and 6 had higher values of swelling
indices (2.36, 2.19 and 3.22 respectively) indicating that
they were more gelatinized and were not suitable for
HQCF production.

The hysteretic effects of batch quantity, vapor
extraction rate and drum temperature on the drying
characteristics of the cassava meal in the CRD are
presented in the graphs of Figures 4, 5 and 6.

The graphs show that the drying rate of cassava
meal in the CRD increased with increase in vapor
extraction rate and drum temperature but decreased with
increase cc in cc batch quantity. This  explains why



Experiments 1, 3 and 4 took longer drying times but
produced better quality cassava meals.The hysteretic
relationship between the lower and higher values of each
parameter confirms that drum temperature had the
greatest effect on the performance of the CRD and the
quality of cassava meal produced. Batch quantity had
greater effect on the drying rate of the cassava meal than
vapor extraction rate.

CONCLUSION

The study shows that the conductive rotary dryer was
capable of drying wet cassava meal for the production of
high quality cassava flour. The analysis of the results
helped to optimize the operation of the conductive rotary
dryer thus improving the drying process through minimum
number of experiments. The development and application
of the conductive rotary dryer removed the problems
associated with traditional sun drying method and
produced dried cassava meal which met standard
specification. Use of the dryerpromises to increase the
production capacity of local cassava processors and
itsinjection into the cassava processing industry will
contribute to agro-industrial growth in Nigeria and other
cassava producing African countries.
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