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ABSTRACT
Various blanching methods and drying temperatures were applied to bell pepper
(Capiscum annum) to investigate the effect on its drying characteristics. Pepper
(Capiscum annum) is an abundant and cheap source of vitamins, minerals and fibre.
However, its high moisture content makes it susceptible to deterioration. The most
common method of preservation is drying but the dried products obtained are of
reduced nutritional qualities. Pretreatment of pepper before drying improves the
quality of the dried pepper and increases its drying rate. Steam and water blanching as
a form of pretreatment has been reported to increase drying rate and improve the
quality of dried products but there is not much information on other types of oil/water
blanching methods. The effect of blanching (steam, water, palm oil/water and
groundnut oil/water) as a pretreatment on the drying kinetics of bell pepper dried at
temperatures of 50, 60, 70, 80 and 90oC, was studied. Drying of raw untreated bell
pepper was taken as a control. The results indicate that water removal at the initial
stage of the drying process was highest and there was a rapid decrease as drying
continued until equilibrium was reached at the end of process. The blanched samples
generally had higher drying rates (at p<0.05) than the untreated samples. The values
for the drying rate for steam and water blanched samples were higher (but not at
p<0.05) than the drying rates for samples blanched in oil/water mixtures. The drying
rate as well as effective moisture diffusivity, Deff, increased with increasing drying
temperature. Values of Deff varied from 3.55 x 10-9 m2/s to 2.34 x 10-9 m2/s with the
highest being SB (steam blanched) at 80oC and the lowest UB (unblanched) at 50oC.
The drying process took place mainly in the falling rate period. The activation
energies varied from 39.59 to 83.87 kJ/mol, with PB (palm oil/water blanched)
samples having the lowest and UB having the highest Ea value. The lower values for
pretreated samples imply that water movement from the internal regions is faster in
pretreated samples. This suggests that blanching as a method of pretreatment
generally increases water diffusion.
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INTRODUCTION
Pepper (Capiscum annum) is an important vegetable crop because it provides an
abundant and cheap source of vitamins, minerals and fibre [1]. It is also highly rich in
ascorbic acid. Pepper is a seasonal crop and capsicum pepper is classified as a
perishable crop that deteriorates fast after few days of harvest due to its high moisture
content [1]. The most common method of preservation for pepper is by drying which
is an energy-intensive process. The main objective for drying is the reduction of the
moisture content to a level, which allows safe storage over an extended period thus
extending the shelf-life [2]. Dried products also have other advantages over fresh food
products, which include reduced bulk, and hence are easier to transport and package
[1]. Drying is carried out traditionally by sun-drying because it is a cheap, simple
method that needs low capital investments. The main disadvantage of sun-drying are
that it is tedious, requires long drying time and is subject to changes in weather
conditions [3]. The use of alternative drying methods such as industrial drying
methods (hot-air and solar drying) to replace the traditional sun-drying technique has
been observed to help overcome the disadvantages of sun-drying.
Drying of food usually results in loss of nutrients and other undesirable changes,
which include discolouration and browning; thus dried products obtained are of
reduced nutritional quality [2]. Knowledge of the type of pretreatment methods that
can improve the quality of dried products and the drying rate materials is necessary in
order to optimise the drying process. During the drying process, the rate at which
drying takes place decreases as drying progresses and this affects the drying kinetics
of the crop. Therefore, another factor that is required for optimization of the drying
process is the knowledge of the drying characteristics of food [4, 5]. A number of
studies have been carried out which have identified processing parameters, including
drying temperature and use of various types of pretreatment, as having a significant
effect on the on the drying kinetics of fruits and vegetables [3, 4, 6, 7, 8].
The challenge of reducing drying time and undesirable changes has led to the
development of various pretreatment techniques. Pretreatment of food materials
which includes; blanching, chemical pretreatment, osmotic dehydration, soaking in
ascorbic acid before or on drying have been investigated to improve the effect of
drying and give eventual dried products of good nutritional quality [5, 9, 10, 11].
Pretreatment of fruits and vegetables prior to drying has been used to overcome the
wax barrier on fruits or vegetables and thus reducing drying time [12].
Blanching as a pretreatment is a short-time heat-treatment generally applied to fruits
and vegetables primarily to inactivate natural enzymes [13]. When used for pretreating of vegetables, it destroys enzymes and loosens tissues which sometimes fixes
the natural colour and affords more rapid drying. Blanching can be done in a number
of ways which usually includes water, steam and oil blanching [9]. The addition of oil
to water used for blanching helps to replace the initial outer wax layer, which is
beneficial because of the protection it offers the fruit or vegetable from environmental
and external factors. Biekman et al. [14] observed that shrinkage in blanched tissues
which is due to the contraction of bio-polymers during blanching is temperature
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dependent. It opens up plant cells which exude fluids with simultaneous loss of
solutes. Blanching affects the distribution of soluble components within the tissues
during drying. This also results in the leakage of soluble components to the
surrounding environment (water) and loss of these solutes affects the rate of drying.
Researchers have reported that blanching increases the drying rate of some fruits
including peach slices (Prunus persica L.), red pepper (Capiscum annum) and carrot
cubes (Daucus carota L.) [5, 9, 15, 16]. Although there has been a lot of work done
on the effects of steam and water blanching on the drying rate of fruits and vegetables,
not much has been done on other types of blanching methods especially oil blanching.
This study investigated the effect of various blanching methods on the drying
characteristics of bell pepper (Capiscum annum). This was achieved by determining
and comparing the drying rate, effective moisture diffusivity and activation energy
values for the various blanching methods and drying temperature.
MATERIALS AND METHODS
Experimental procedure
Freshly harvested red bell pepper (Capiscum annum) samples selected to conform to
nearly the same dimension (width, length and breadth), without blemish or blight,
were purchased from Otan-ile market in Ogbomoso, Nigeria. The samples were
washed, drained, and all extraneous materials removed completely before they were
sliced into two. The samples were divided into sets of 200 g weight. For the blanching
pretreatments for inactivation of enzymes, the samples were:
(i)

Submerged in boiling water for 3 minutes, drained and cooled immediately
in tap water before being taken to the oven for drying (WB).

(ii)

Steamed over boiling water in a water bath (WBH 14/F2, England) for 3
minutes, drained and cooled immediately in tap water before taken to the
oven for drying (SB).

(iii)

Dipped for 3 minutes in a homogenized mixture of palm oil and water of
ratio 1:20 (v/v) with 0.1g of butylated hydroxyl anisole (BHA) heated to
95oC [9] before being placed in the oven for drying (PB).

(iv)

Dipped for 3 minutes in a homogenized mixture of groundnut oil and
water of ratio 1:20 (v/v) with 0.1g of butylated hydroxyl anisole (BHA)
heated to 95oC before being placed in the oven for drying (GB).

(v)

The samples that were unblanched (UB) were used as the control.

Drying procedure
The samples were dried in a hot-air dryer (Gallenkamp, UK) having three tiers of
trays. Perforated trays having an area of approximately 0.2 m2 were placed on each
tier and the trays were filled with a single layer (of about 2 mm thick) of the
pretreated pepper samples. The hot air passed across the surface and perforated
bottom of the drying material. The drying of bell pepper (Capiscum annum) was
conducted at five temperatures (50, 60, 70, 80 and 90oC) with fixed airflow (2.0 m/s).
The drying experiment involving untreated bell pepper samples was also performed
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under the same conditions. The drying was carried out until constant weight was
reached with three successive readings. The dryer was adjusted to the selected
temperature for about an hour before the start of experiment to achieve the steady
state conditions. The direction of air flow was perpendicular to the samples. Weight
loss of samples was measured at various time intervals, ranging from 30 min at the
beginning of the drying (for the first two hours) to 120 min during the last stages of
the drying process by means of a digital balance (Mettler, Model BB3000) with an
accuracy of ±0.01g. The experiments were repeated in triplicate and the average
moisture ratio at each value was used to draw drying curves.
The reduction of moisture ratio with drying time was used to analyse the experimental
drying data for pretreated and untreated pepper. This is because the moisture ratio
curve explains the drying behaviour better than the moisture content curve, and also
because the value at the beginning of the drying experiment was one in each of the
experiments using the moisture ratio values [8, 10].
The moisture ratio during drying was determined as follows [3, 7, 12]:

MR =

M - Me
= exp(− Kt )
Mi - Me

(1)

Where MR = moisture ratio, Me = equilibrium moisture content (dry basis), Mi =
initial moisture content (dry basis), M = moisture content at time t, K = constant.
For the mathematical analysis, it was assumed that the moisture gradient driving force
during drying was a liquid concentration gradient. The effect of heat transfer was
neglected as a simplifying assumption. For all experimental conditions, the value of
(M-Me)/ (Mo-Me) expressing dimensionless moisture content were obtained.
The drying rate (DR) was determined as follows:

DR =

M t + dt − M t
dt

(2)

Where Mt+dt is moisture content at t + dt (dry basis), t is time (min).
Effective moisture diffusivity
Fick’s diffusion equation for objects with slab geometry is used for calculation of
effective moisture diffusivity. As the peppers were dried after slicing, the samples
were considered to approximate a slab geometry. The Fick’s equation is expressed as
[17]:
− π 2 Deff t
8
M R = 2 exp
(3)
π
4 L2
where MR is the dimensionless moisture ratio, Deff the effective moisture diffusivity
(m2 s-1), t the time of drying (s), π is a constant and L is half of the slab thickness (m).
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Deff can be calculated from the plot of ln (M-Me) / (Mi-Me) against time (t) for
different process conditions [5]. The effective diffusivity of the peppers at different
temperatures was calculated thus,
Deff π 2
Slope(k ) =
(4)
4 L2
The effect of temperature on diffusivity can be described by an Arrhenius-type
equation:


Ea
D eff = Do exp −

 R(T + 273.15) 

(5)

where Do is the pre-exponential factor of the Arrhenius equation (m2/s), Ea is the
activation energy for the moisture diffusion (kJ/mol), R is the ideal gas constant (8.
3143 kJ/mol K), and T is the temperature in (oC).
Activation Energy
The activation energy was calculated by plotting the graph of natural logarithm of Deff
(Ln Deff) versus the reciprocal of the temperature (1/ (T + 273.15)), and obtaining the
slope.
RESULTS
Drying characteristics
The drying rate curves of the pretreated bell pepper (Capiscum annum) at the drying
temperatures of 50, 60, 70, 80 and 90oC respectively are shown in Figures 1 – 5. At
the initial drying stage, water removal was highest and this water removal decreased
rapidly as drying continued until at the end of drying when no more water was
removed. At this point the moisture content is assumed to reach equilibrium. The
drying rates for unblanched (UB) samples were generally lower than that of other
samples. The drying rates for SB and WB samples were, however, generally higher
than that of the other oil/water blanching methods.
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Figure 1: Drying rate of bell pepper dried at 50oC under various pretreatments
(SB- steam blanched, WB- water blanched, PB- Palm oil and water
blanched, GB- Groundnut oil and water blanched, UB- Unblanched)
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Figure 2: Drying rate of bell pepper dried at 60oC under various pretreatments
(SB- steam blanched, WB- water blanched, PB- Palm oil and water
blanched, GB- Groundnut oil and water blanched, UB- Unblanched)
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Figure 3: Drying rate of bell pepper dried at 70oC under various pretreatments
(SB- steam blanched, WB- water blanched, PB- Palm oil and water
blanched, GB- Groundnut oil and water blanched, UB- Unblanched)
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Figure 4: Drying rate of bell pepper dried at 80oC under various pretreatments
(SB- steam blanched, WB- water blanched, PB- Palm oil and water
blanched, GB- Groundnut oil and water blanched, UB- Unblanched)
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Figure 5: Drying rate of bell pepper dried at 90oC under various pretreatments
(SB- steam blanched, WB- water blanched, PB- Palm oil and water
blanched, GB- Groundnut oil and water blanched, UB- Unblanched)
Effective Moisture Diffusivity
Drying was done in the falling rate period. In this period, drying was controlled by
internal moisture transfer resistance from peppers such that experimental values can
be interpreted according to the Fick’s diffusion model. The slope of the logarithmic
plots for each experimental condition was used to calculate Deff and the values and
their regression coefficients R2 are recorded in Table 1. The moisture diffusivity
value, Deff increased with increase in temperature. Samples dried at 80oC had the
highest Deff value of 3.55 x 10-9 m2/s while the lowest values were obtained from
drying at 50oC as indicated in Table 1.
Activation Energy
The activation energies varied from 39.59 to 83.87 kJ/mol with PB samples having
the lowest and UB having the highest Ea value (Table 2). This shows that pre-treated
bell pepper (Capiscum annum) had slightly lower activation energy compared to
untreated pepper.
DISCUSSION
The lower drying rates for UB samples compared to the other blanching pretreatment
methods showed that the blanching operation generally increased the drying rate. This
is similar and confirms the observations on peach slices (Prunus persica L.), red
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pepper (Capiscum annum) and carrot cubes (Daucus carota L.) [5, 9, 15, 16]. This is
due to the fact that blanching of the pepper samples increased the rate of drying by
aiding water loss from the internal regions of the product to its surface during the
drying process [9]. This is because of the structural change in the product during
blanching, which causes the pore openings of the food material to become enlarged
thus increasing the rate at which water is evaporated [16]. This is similar to the
observations of Karathanos and Belessiotis [18] who reported that pretreatment
reduced the effect of skin thickness, which is a normal resistance to water loss at the
surface of the product. This resulted in a faster drying when compared to the untreated
or control samples. This is an indication that the various types of blanching
pretreatment employed in this study enhance moisture evaporation and hence
improves drying rate. Thus, the use of blanching as a pretreatment can be used to
achieve a more rapid drying of bell pepper (Capiscum annum).
The lower drying rate for oil and water blanching methods when compared to steam
and water blanching is probably due to the fact that the presence of palm or groundnut
oil in the blanching mixture for PB and GB samples resulted in a type of coating of
the surface by wax-like oil. The presence of this coating and the well-known
hydrophobicity of palm or groundnut oil all acted to reduce the moisture movement
slightly. Similar effect of reduction of moisture movement due to surface coating was
also observed during the drying of seedless grapes [19]. However, the effect of
blanching pretreatment (such as enhancement of moisture evaporation and
improvement of drying rate) resulted in higher drying rate for the oil and water
blanching methods, which is desirable, when compared with untreated pepper. The
coating that developed on the pretreated pepper during the oil and water blanching of
pepper can be used to help replace the initial outer wax layer, which offers benefits
such as protection to the fruit or vegetable from environmental and external factors.
Though the initial moisture content of the five samples was quite high, it was
observed that the constant rate drying period was absent generally. The overall drying
process took place within the regime of the falling rate drying period. The same result
was found during the drying of peach slices (Prunus persica L.), onions (Allium cepaL), pestil, green and red pepper (Capsicum annuum L.) [5, 17, 20, 21]. The absence of
a constant rate drying period in the drying of pepper shows that the rate of moisture
evaporation from the surface is higher than the rate of moisture diffusion to the
surface from the internal regions. This indicates that moisture transfer in the solids is
controlled by a diffusion mechanism.
The increase in drying rate with increase in heating temperature is as expected and the
higher the drying temperature the higher the diffusion coefficient. This is because
higher air drying temperatures will result in greater vapour gradients at the food
surface which will invariably lead to a higher rate of moisture evaporation at the
food/air interface. This higher moisture evaporation rate will cause a higher rate of
moisture diffusion from the internal regions of the pepper to the surface which
increases the diffusion coefficients. The increase in moisture diffusivity value, Deff
with increase in temperature is similar to observations for dried pestil and pepper
(Capsicum annuum L.) [17, 21]. In these reported cases, samples that were blanched
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had higher drying rates than the untreated ones. Doymaz [4] and Kingsly et al. [5]
reported a similar pattern of increase in drying rate for pretreated samples of apricots
(Prunus armeniaca L.) and peach (Prunus persica L.).
The unexpected reduction in effective moisture diffusivity at 90°C may be possibly
due to a critical structural change, which occurred in the sample between treatments at
80°C and those at 90°C. However, the resulting values were within the general range
of 10-9 - 10-11 m2/s reported for dried food materials [5]. These recorded values are
comparable to that obtained for hot air drying of banana slices (Musa cavendishii, var.
enana) at 60oC (8.33 10-10 m2/s ) [22], hot air drying of mulberry (Morus alba L.)
(2.32 x 10-10 – 2.76 x 10-9) [23], hot air drying of okra (Abelmoschus esculentus L.)
(4.28 x 10-10 –6.8 x 10-9) [24] and hot air drying of pestil (4.76 x 10-11 – 3.76 x 10-10)
[17].
The slightly lower activation energy of pretreated pepper compared to untreated
pepper is an indication that less energy is used during the drying of all the bell pepper
samples subjected to blanching pretreatment when compared with drying of untreated
pepper. This is because water travels faster in pretreated samples [5, 9]. This is an
indication that blanching as a pretreatment can be used to optimize the drying process
of pepper in terms of energy utilization. This confirms the fact that blanching
generally increases water diffusion from the internal regions to the product surface
during drying which is as reported for other fruits [5, 9, 15, 16]. The activation energy
values for pretreated and untreated pepper are higher than the activation energies of
green peas (Pisum sativum) drying (28.40 kJ/mol) [25] and that of pre-treated and
untreated tomatoes (Lycopersicon esculentum Mill) drying (17.40 and 32.94 kJ/mol)
[12], while the activation energies of red chilli (Capscium frutscens) drying (41.95
kJ/mol) [26] and okra (Abelmoschus esculentus L.) drying (51.26 kJ/mol) [27] are
within the range obtained.
CONCLUSION
•
•
•

•

The blanching pretreatment increased the drying rates for pepper samples. The
untreated samples generally had lower drying rates than those of the pretreated
samples.
The drying rates for samples immersed in the blanching mixture containing
palm or groundnut oil were generally lower than the drying rates observed
from samples immersed in other blanching media.
There was no evidence of the constant rate period in the drying curve, which
indicates that the overall drying process took place in the falling rate period.
This is an indication that drying of the treated and untreated pepper is
controlled by internal moisture transfer resistance from peppers.
Samples dried at 80oC had the highest Deff value while the lowest values were
obtained from drying at 50oC.
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RECOMMENDATION
•
•

The use of blanching as a pretreatment during the drying of peppers is
recommended because it reduces the time and rate of drying. Reduction in
time and rate of drying results in final dried products of higher quality.
Also, since the use of blanching as a pretreatment optimizes the drying process
of pepper in terms of energy utilization, it is recommended for use by local
processors in order to reduce the energy involved in pepper drying. Energy
reduction during drying will reduce the production cost which will result in
higher earnings by the processors.
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Table 1: Effective Moisture Diffusivity Coefficients for the Different Process
Conditions
Drying Temperature (oC)
50

Pretreatment Deff x 10-9
SB
2.72
WB
2.66
PB
2.66
GB
2.41
UB
2.34
60
SB
2.79
WB
2.72
PB
2.72
GB
2.6
UB
2.47
70
SB
3.36
WB
3.23
PB
3.17
GB
3.17
UB
3.1
80
SB
3.55
WB
3.48
PB
3.23
GB
3.23
UB
3.1
90
SB
2.98
WB
2.85
PB
2.79
GB
2.79
UB
2.79
Where Deff - Effective Moisture Diffusivity Coefficients

R2
0.9446
0.9425
0.9386
0.919
0.9529
0.979
0.9828
0.9764
0.9365
0.9539
0.9759
0.9909
0.9877
0.9801
0.9943
0.9645
0.9679
0.9751
0.9729
0.9684
0.9701
0.9733
0.979
0.9691
0.9774

R2 – Regression coefficient
SB – Steam blanched samples
WB – Water blanched pepper
PB - Palm oil and water blanched
GB - Groundnut oil and water blanched
UB - Unblanched
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Table 2: Ea values for the drying processes of the different pretreatments for bell
pepper
Pretreatment

Ea (kJ/mol)

Steam Blanching (SB)

61.84

Water Blanching (WB)

56.38

Palm oil and Water Blanching (PB)

39.59

Groundnut oil and Water Blanching (GB)

74.43

Unblanched (UB)

83.87
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