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Abstract - The main objective of this study was to evaluate the effect of the drying process on the vitamin C 
levels and physical properties of dedo-de-moça pepper. The drying kinetics and the structural properties were 
determined as a function of moisture content. Convective drying was compared with freeze-drying in terms of 
product quality, structural properties, retention of vitamin C and rehydration characteristics. Empirical and 
semi-empirical equations were used to describe the drying and rehydration kinetics. Nonlinear analysis 
applied to results of convective drying, based on curvature measures and bias measures, showed that the only 
equation that gives good inference results based on least squares estimators is the Overhults equation. The 
characterization of the rehydration process was done by determining the indexes that take into account the 
water absorption capacity and solutes losses. The material dried by lyophilization show greater potential to 
rehydrate. 
Keywords: Drying; Lyophilization; Rehydration; Ascorbic acid; Product quality. 

 
 
 

INTRODUCTION 
 

Among the 25 species of pepper Capsicum, only 
5 are regularly cultivated: C. annuum L. var. pendulum 
(dedo-de-moça pepper), C. annuum L. var. annuum, 
C. chinense Jacq., C. frutescens L. and C. pubescens. 
The others are mostly considered wild species 
(Hunziker, 1979).  

In order to be competitive, small producers of 
pepper have to employ efficient seasoning methods 
to preserve their products during storage. This has to 
be carefully done especially to maintain the chemical 
and pharmacological aspects of pepper (Rietjens      
et al., 2002). A number of factors, including pH, 

oxygen concentration, moisture content, temperature 
and metallic acid catalysts (Uddin et al., 2002), 
influence vitamin C activity. One of the food industry 
goals is to preserve the maximum product nutrient 
content during processing and storage (Duarte et al., 
2004), and, according to Gregory (1996), this may be 
evaluated using ascorbic acid as an index of the 
nutrient quality.  

Conventional drying with hot air is commonly 
encountered in dehydration (Lisboa et al., 2007; 
Barrozo et al. 2006). However, an alternative way to 
remove excess water from food is by lyophilization, 
which is a drying process based on water sublimation 
from the material caused by application of low 
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pressure on frozen material. This technique results in 
high-quality dehydrated products (Mujumdar, 1987). 
The low temperatures of lyophilization and the 
absence of dry air prevent the degradation of 
thermolabile, biological and pharmaceutical substances 
(Lombraña and Izkara, 1996). When compared to 
thermally dried products, food dehydrated by 
lyophilization usually has more quality, which is 
related to properties such as low apparent density, 
high porosity, remarkable aroma and flavor, and 
excellent rehydration potential.  

Several works on Capsicum pepper drying are 
found in the literature, as shown in Table 1. A closer 
look at Table 1 reveals that most contributions were 
on drying of the pepper Capsicum annum L. Even 
though C. baccatum var. pendulum pepper (dedo-de-
moça pepper) is popular throughout the world, there 
are only a few works on the drying of this kind of 
pepper.  

The objective of the present work was to 
investigate the convective drying of C. baccatum 
var. pendulum (dedo-de-moça pepper) and compare 
the final product with dehydrated pepper obtained by 
lyophilization. The effect of the drying process on 
the nutritional composition and physical properties 
of dedo-de-moça pepper was analyzed during and 
after processing. For this purpose, the drying kinetics 
and the structural properties (true density, apparent 
density, porosity and shrinkage) were determined as 
a function of moisture content during drying. 
 
 

NONLINEARITY MEASURES 
 

Since the majority of the drying kinetic equations 
are nonlinear, care should be taken when estimating 
their parameters from experimental data (Barrozo    
et al., 1996; Arnosti Jr. et al., 1999). Thus, comparisons 
of the R2 values and residuals analysis may be 
insufficient to discriminate between nonlinear 
regression models like drying kinetics equations 
(Ribeiro et al., 2005). In some situations, the estimators 
(especially confidence intervals) may not be appropri-

ate (Vieira et al., 2005). Thus, some procedures are 
available in the literature to validate the statistical 
properties of the least squares (LS) estimators of 
nonlinear models. Box (1971) presented a useful 
formula for estimating the bias in the LS estimators; 
Bates and Watts (1980) developed new measures of 
nonlinearity based on the geometric concept of 
curvature. They separated the nonlinearity of a 
model into two components: one associated with the 
curvature of the solution locus, called “intrinsic” 
nonlinearity (IN), and another associated with the 
fact that the projections of the parameter lines on the 
tangent plane to the solution locus are neither 
straight, parallel, nor equispaced, called the “parameters 
effect” (PE).  

A negligible intrinsic nonlinearity (IN) means a 
negligible bias in the predicted values of the 
response. Nonlinearity due to the parameter effect 
(PE), which depends on the sequence that the 
parameters appear in the model, is a consequence of 
the lack of uniformity of the coordinate system in the 
estimation space. When the nonlinearity is mostly 
due to the effects of parameters, a reparametrization 
becomes important. If the parameter-effect (PE) 
nonlinearity is negligible, the statistical tests of the 
consistency of the fitted parameters will be valid. 
The statistical significance of (IN) and (PE) can be 
assessed by comparing these values with the radius 
of the confidence region, 100(1-α ) %, which is equal 
to: 1/2 F . F=F(p,n-p,α) is obtained from a table of 
the F-distribution. 

Details about the development, procedure and 
equations for determining (IN) and (PE) are found in 
Bates and Watts (1980). 

Box (1971) proposed an equation to evaluate the 
bias in the estimated LS parameters. The bias 
expressed as a percentage of the LS estimate is a 
useful quantity, as an absolute value in excess of 1% 
appears to be a good rule of thumb for identification 
of which parameter, or parameters, are responsible 
for the nonlinear behavior. Once these parameters 
are known, a reparametrization can be sought to 
reduce the nonlinearity.  

 
Table 1: Contributions to Capsicum pepper drying 

 
References Technique/drier Pepper 
Turhan and Turhan (1997) Convective drier. C. annum L. 
Gupta et al. (2002) Chamber. C. annum L. 
Kaymak-Ertekin (2002) Fluidized bed. C. annum L. 
Tunde-Akintunde et al. (2005) Convective and natural. C. annum L. 
Ergüneş and Tarhan (2006) Natural and Chamber. C. annum L. 
Kim et al. (2006) Chamber. C. annum L. 
Kooli et al. (2007) Convective and natural  C. annuum cv. Baklouti. 
Vega et al. (2007) Convective. C. annum L. 
Scala and Crapiste (2008) Crossed flow drier. C. annum L. 
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MATERIALS AND METHODS 
 
Materials and Experimental Methodology 
 

The pepper used in this work was obtained from 
commercial trading stores of the city of São Carlos 
(Brazil) and, before being processed; were washed 
and sliced into flat plates. The experimental setup for 
convective drying consisted of a blower, a series of 
electrical resistances to heat the air, a temperature 
controller and homogenizing plates. Experiments 
were done at 50, 60 e 70 °C with an air flow velocity 
of 1.5m.s-1. Samples consisted of plates (1.0 x 4.0 cm) 
and were placed peel down onto a screen. Mass 
variation was measured using steps of 5 min for the 
first 30 minutes and then using non-periodic intervals 
until constant mass was reached. An analytical 
balance (ADN, HR-200) ±10-4g was used. The dried 
mass content was found by assays in a heating 
chamber (105 ±3.0 °C - 24hours). Figure 1 presents the 
layout of the experimental unit.  

The freeze- drying experiments were performed 
in a Labconco lyophilizer (model 77535). The 
samples were frozen with nitrogen N2(v) for 15 
minutes. Drying curves were obtained for samples 
collected from the lyophilizer at intervals of 30 
minutes with the mass measured using an analytical 
balance.  

Ascorbic acid losses due to the drying process 
were verified. For this comparison the content of 
vitamin C was analyzed in fresh fruit, after drying 
and after rehydration. The method of AOAC 
(967.21) using a titration of 2.6-dichlorophenol-
indophenol (DCFI) with slight modifications was 
applied. The amount of 1.0 g of sample was 
homogenized in 50 mL of 1% (w / v) metaphosphoric 
acid. This solution was filtered and samples of 10 mL 
were taken for titration with DCFI. The endpoint of 
the titration was determined visually and the 
procedure was conducted in triplicate. 

The porosity (ε) was determined from values of 
the real density (ρr) and apparent density (ρap), as 

given by Equation (1): 
 

ap

r
1

ρ
ε = −

ρ
               (1) 

 
The real density was measured with a helium 

pycnometer (Quantachrome Instruments) and the 
apparent density by liquid pycnometry with hexane.  

Shrinkage after drying (assumed as one-
dimensional) was evaluated by means of the sample 
thickness decrease. Measurements of thickness were 
done in three different places with a digital 
paquimeter.  
 
Drying Kinetics Equations 
 

The drying kinetics of food materials are a 
complex phenomenon and, for some products, are 
scarce in the literature. Hence, experimental studies 
and application of simplified models to represent the 
drying behavior are still required (Barrozo et al., 
2001). A number of empirical and semi-empirical 
equations have been proposed in the literature 
(Lewis, 1921; Brooker et al., 1974; Henderson and 
Henderson, 1968; Page, 1949; Overhults et al. 1973, 
among others) to describe the drying kinetics of 
biological materials. Table 2 shows the drying 
kinetics equations analyzed in the present work.  

Lewis (1921) proposed Equation (2) using an 
analogy with Newton’s law of cooling. Equations (3) 
and (4) are simplifications of the analytical solution 
of the diffusional model (Brooker et al., 1974; 
Henderson and Henderson, 1968). The Page (1949) 
and Overhults et al. (1973) equations originated from 
empirical modifications of the Lewis equation.  

In the equations of Table 2, MR is the 
dimensionless moisture number (as presented in 
Equation (7). Meq is the equilibrium moisture content; 
M0 is the initial moisture content; t is the drying 
time; T is the fluid temperature; A, B, C, d and K are 
constants. 

 

1 2

3

4 5

 
Figure 1: Layout of the experimental unit: (1) blower; (2) heat exchanger; (3) temperature 
controller; (4) air distribution system; (5) samples. 
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Table 2: Drying kinetics equations 
 

Equation  K Reference 
( K.t)MR e −=   (2) ( B/T)K A.e −=  Lewis (1921) 

( K.t)MR C.e −=   (3) ( B/T)K A.e −=  Brooker et al. (1974) 

( K.t) ( 9K.t)1MR C e e
9

− −⎡ ⎤= +⎢ ⎥⎣ ⎦
 (4) ( B/T)K A.e −=  Henderson and Henderson (1968)

d( K.t )MR e −=  (5) ( B/T)K A.e −=  Page (1949) 

d(K.t)MR e−=  (6) (A B/T)K e +=  Overhults et al. (1973) 

 
eq

0 eq

M M
MR

M M
−

=
−

                 (7) 

 
In Equations (2)-(5) the drying constant (K) 

varies with temperature by a function of the 
Arrhenius type, however, in the Overhults et al. 
(1973) equation the function that represents this 
variation is different, as shown in Table 2. 
 
Rehydration 
 

The rehydration ratio (RR), given by the ratio of 
rehydrated sample mass to the dried sample mass, 
was calculated from the mean value of triplicate 
measurements. The results were then plotted against

time in order to evaluate the rehydration kinetics. 
The equations used to describe the rehydration 
kinetics are found in Table 3, where k is the kinetic 
constant (min-1), t is the time (min), and α and β are 
parameters of the Weibull equation.  

Several rehydration indices were employed to 
provide information about the influence of absorbed 
water fluxes and lixiviated solids on the material 
mass increase. These indices are listed in Table 4. 
The water absorption capacity of the dried material 
(WAC) is given in Equation (11). It is the ratio of the 
mass of absorbed water during rehydration to the 
mass of water removed during drying, where m is the 
sample mass, s is the dried solid content (g/g on a 
dry basis), and rh, d e 0 are subscripts meaning 
rehydrated, dried and initial sample, respectively.  

 
Table 3: Equations used to describe the kinetics of rehydration 

 
Equation Name 

( ) k.t
e eRR RR RR 1 .e−= − −  (8) Exponencial 

( ) ( )e 2 1 2RR RR 1/ k t / k k .t= − + +  (9) Peleg 

( ) ( )t/
e eRR RR 1 RR .e

α− β= + +  (10) Weibull 

RR: rehydration ratio; RRe: saturation rehydration ratio 
 

Table 4: Description of the indices used for rehydration. 
 

Equation  Description 

rh rh d d

0 0 d d

m (100 s ) m (100 s )WAC
m (100 s ) m (100 s )

− − −
=

− − −
 (11) water absorption capacity 

rh rh

d d

m sDHC
m s

⋅
=

⋅
 (12) dry matter holding capacity 

RA WAC DHC= ⋅  (13) rehydration ability 
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WAC varies from 0 to 1 and indicates how much 
the drying reduced the capacity of the product to 
absorb water. Equation (12) provides information 
about the capacity of the material to retain soluble 
solids (DHC), as well as the damage to the tissues 
and their permeability to solute. This also varies 
from 0 to 1. Equation (13) evaluates the damages 
caused by the drying and rehydration processes and 
the ability of the dried product to rehydrate (RA). 
Values of RA are in the range of 0 to 1. The smaller 
RA the greater is the damage to the vegetable tissue. 
 
Statistical Methodology 
 

The parameters of the equations for describing 
drying kinetics (Lewis, 1921; Brooker et al., 1974; 
Page, 1949; Overhults et al., 1973; Henderson and 
Henderson, 1968) were estimated by a least squares 
method, where the data set was all of the 
experimental observations. To perform all the 
calculations required to determine the curvature 
measures (IN and PE), and the bias of Box, a 
computer program in Fortran language was 
developed in the present work for the drying kinetics 
equations. 
 
 

RESULTS AND DISCUSSION 
 

The parameters of the equations given in Table 2 
were estimated for convective drying. Table 5 shows 
the results of the least squares (LS) estimation with

the respective values for R2 (correlation coefficient), 
the intrinsic curvature measure (IN), the parameter-
effects measure (PE) and the bias measures proposed 
by Box (1971) for all considered equations. 

All intrinsic curvature measures (IN), given in 
Table 5, when compared to the value 1 / 2 F , are 
not significant for the considered nonlinear models 
(IN< 1/ 2 F ), which indicates small nonlinearity 
for the "solution locus" (Ratkowsky, 1983). The 
parameter effect curvature measures (PE) are 
significant for the first four equations (PE>1/ 2 F ), 
showing that at least one parameter of these 
equations has a strong nonlinear behaviour. For the 
Overhults equation, better results are observed, since 
the curvature measures (PE) are smaller than 1 / 2 F , 
that is, they are not significant. Thus, for this equation, 
nonlinearity due to parametrization is small, which 
implies valid inference results based on asymptotic 
approximations for the least squares estimators. 

Since Equations (2) to (5) present significant 
nonlinear parameter-effects (PE), the bias measures 
could show which parameters are responsible for this 
behaviour (% bias > 1%). An important result is that 
the nonlinear behaviour (PE) in the first four 
equations is always associated with the parameter A 
(the pre-exponential factor of the Arrhenius 
equation). The results of Bates and Watts (1980) 
curvature measures and bias measures (Box, 1971) 
show that the only equation which gives good 
inference results, based on least squares estimators, 
is the Overhults equation.  

 
 

Table 5: Regression, curvature and bias results 
 

Equation R2 and F Ratio Curvature Parameter Estimated Value % Bias 

R2=0.99 IN=0.016 A 32859.61 8.04 Lewis    
Eq.(2)*  PE=2.929 B 4762.57 0.004 

R2=0.99 IN=0.026 A 34200.62  6.88  
 PE=25.944 B 4785.00 0.004 

Brooker  
Eq. (3)** 

  C 0.98 0.003 
R2=0.99 IN=0.025 A 36550.68 8.13  

 PE=28.169 B 4829.69 0.004  
Henderson 
Eq. (4)** 

  C 0.92 0.001 
R2=0.99 IN=0.029 A 22817.00 7.46  

 PE=28.017 B 4582.08 0.020 
Page 
 Eq. (5)** 

  d 0.96 0.019 
R2=0.99 IN=0.028 A 10.51 0.006  

 PE=0.029 B -4796.68 0.004  
Overhults  
Eq.(6)** 

 d 0.96 0.019 

* (2;59;0.95)1 / 2 F 0.281= ;                                      ** (3;58;0.95)1 / 2 F 0.281=  
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Figure 2 shows the results of drying kinetics at 
50, 60 and 70 ºC, for an air flow velocity of 1.5 m/s, 
including results fitted by the Overhults equation. 
The expected significant effect of air temperature on 
the process can be seen in this figure. The proximity 
of the predicted results from the Overhults equation 
to the experimental data can also be verified. 

0 50 100 150 200 250 300
0.0

0.2

0.4

0.6

0.8

1.0  T=70 °C
 T= 60 °C
 T= 50 °C
 Overhults 

M
R

 (-
)

Time (min)

Figure 2: Experimental and fitted results for the 
drying process. 
 

The same equations were also tested to describe 
the kinetics of freeze-drying. According to statistical 
criteria, the Page equation provided the best fit to the 
data. The values of the parameters of the Page 
equation are close to some results of the literature for 
food products, like those found by Marques et al. 
(2009) for tropical fruits dried by lyophilization, with 
samples frozen in N2(v) that obtained a d value of 
1.311. Table 6 shows the parameters values the 
quadratic coefficient of correlation (R2), the sum of 
squared residuals (SSR) and the mean square error 
(MSE.). 
 
Table 6: Results of the regression for the kinetics 
of freeze-drying 
 

 Parameters Page (1949) 
K 2.0x10-3± 2.0x10-4 
d      1.408±1.8x10-2 
R2 0.999 
RSS 2.0x10-5 
MSE 5.3x10-3 

 
The apparent density (ρap) and the real density (ρr) 

obtained for the products from convective drying and 
lyophilization are shown in Table 7. The apparent 
density (ρap) of the in natura sample was 969.0 kg/m3, 
which is close to the values of some food products in 
the literature, like pineapple (961.0 kg/m3), guava 
(1064.0 kg/m3) and mango (983.0 kg/m3) (Marques 

et al., 2006). The lyophilized sample had a smaller 
apparent density (120 kg/m3). In a previous work on 
lyophilized fruits and vegetables, values of 120.0; 
260.0; 140.0 and 180.0 kg/m3 were found for apple, 
banana, carrot and potato, respectively (Krokida and 
Maroulis, 2001).  
 
Table 7: Average values of the apparent density, 
real densities and porosities from the experiments 
on convective and freeze drying 
 

Drying Process ρap  
(kg/m3) 

ρr  
(kg/m3) 

Porosity  
(ε) 

Convective 1443 2260 0.25 
Lyophilization 190 2110 0.91 

 
The difference in apparent density reflects the 

effect of the type of drying. Structural changes in the 
samples occured during convective drying due to the 
heated air percolation. One example of structural 
change is cellular collapse, which can lead to an 
increase in the apparent density of the final product. 
Shrinkage may also modify the porous distribution 
inside the material with consequent changes in its 
apparent density. 

Lyophilization produced samples with ρr close to 
those obtained for samples dried with convective 
drying. Some authors reported that the type of drying 
process does not have a great impact on the real 
density of the final product. Krokida and Maroulis 
(2001), for instance, compared different drying 
methods and concluded that the only one which had 
a significant influence on the real density of the final 
product was osmotic dehydration. 

Table 7 also shows values of porosity (ε) for the 
pepper dried by the convective and freeze drying 
processes. The average porosity found for the 
samples dried by lyophilization (0.91) is close to 
those usually found in lyophilized fruits (Marques, 
2009).  The high porosities found for products from 
lyophilization are a result of the process itself, which 
employs vacuum and low temperatures. On the other 
hand, the pores in the convective dried product are 
mainly related to cellular tensions from high 
temperatures which end up breaking the food biological 
structure (Zogzas et al., 1994). 

Results of sample shrinkage and moisture content 
for convective drying at 70 °C and lyophilization are 
shown in Figure 3. It is clear from Figure 3 that, as 
expected, the thickness reduction was approximately 
proportional to the moisture content decrease.  

Madiouli et al. (2007) commented on the fact that 
the choice of the drying process is significant in 
terms of final product shrinkage. Krokida and 
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Maroulis (1997) showed that convectively dried 
samples had small porosities and high shrinkage and 
lyophilized samples had high porosities and small 
shrinkage. 
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Figure 3: Pepper sample shrinkage as a function of 
moisture ratio (MR) for convectively dried samples 
at 70oC and freeze-dried samples. 
 

The ascorbic acid (AA-vitamin C) contents of 
dried samples are listed in Table 8. The ascorbic acid 
content decreased with increasing air temperature. 
This may be the result of irreversible oxidation 
during drying with hot air (Sigge et al., 2001; Vega-
Gálvez et al., 2009). Lyophilized samples had higher 
levels of vitamin C (324.5 ± 8.53 g/100 g). Losses 
during lyophilization were around 43.7% with 
respect to in natura samples. Marques et al. (2009) 

reported that vitamin C losses of lyophilized guava 
fruits were up to 37.3 %. The low temperatures and 
residual moisture content levels of lyophilization 
inhibit the degradation of ascorbic acid.  
 
Table 8: Content of vitamin C in the dried 
samples. 
 

T (oC) mg/100 g Loss (%) 
70 80.5 (± 34.29) 86.0 
60 113.1 (± 10.12) 80.0 
50 178.2 (± 6.57) 69.1 

 
Figure 4 shows results of rehydration kinetics at 

temperatures of 50 and 70°C, and a constant air flow 
velocity of 1.5 m.s-1. All three plots show a sharp 
increase of the rehydration ratio (RR) at the 
beginning of the process. The same behavior was 
also reported for the rehydration of tropical fruits 
like pineapple, papaya, mango and acerola (Marques 
et al., 2009), as well as of carrots (Amami et al., 
2007), tomatoes and onions (Krokida and Marinos-
Kouris, 2003). Mass reconstitution of products 
varied from 83 to 90% with respect to the mass of 
the sample before the drying process. The influence 
of temperature was significant and, as a result, 
samples dried at 50 °C absorbed more water than the 
others in the rehydration process. It seems that this 
may be due to damages in the material structure and 
cells caused by the drying process, and to volume 
shrinkage, which reduces the available intercellular 
space that is filled with water (Krokida and Marinos-
Kouris, 2003). 
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Figure 4: Rehydration ratio as a function of time for the dried samples with the adjusted Weibull (a), 
Peleg (b) and Exponential (c) equations. 

 
Table 9 shows the results from the fitting of 

rehydration kinetic data to the Weibull, Peleg and 
Exponential equations. The statistical analysis 
parameters indicate that rehydration kinetics are well 
described by the three chosen equations, and the fit 
to the Weibull equation was slightly better. Thus, the 
Weibull equation was chosen to represent the 
rehydration kinetics, also because it depends on 
interesting physical parameters that are meaningful 
in the rehydration process. It also can be seen in Table 9 
that the lowest values of the Weibull parameters         
(α and β) were obtained when the samples were dried 
at the highest temperature (70 °C), indicating that the 
rehydration rates are smaller when the sample is 
submitted to drying at higher temperature.  

Table 10 presents results of the rehydration 

indices: capacity of water absorption by the dried 
material (WAC), capacity of the material to retain 
soluble solids (DHC) and ability of the dried product 
to rehydrate (RA). The values of WAC show that 
more than 80% of the total amount of water lost 
during drying was recovered in all cases evaluated. 
Samples convectively dried at 50 °C had the highest 
values of WAC. The highest values of DHC were 
found for the samples that were submitted to freeze-
drying. By multiplying WAC and DHC, it is possible 
to infer information about the coupled effect of the 
drying and the rehydration processes on product 
quality. The best results for this coupled effect and 
for RA were obtained for samples dried by 
lyophilization. Thus, for this drying process the 
produced material has a great potential to rehydrate. 

 
Table 9: Estimated parameters and statistical criteria for the Weibull, Peleg and exponential equations at 
50 °C and 70 °C. 
 

Equation T(°C) RRe(-) α(-) β (min) R2 RSS MSE 
50 8.461 0.786 87.850 0.997 0.025 0.157 Weibull 70 6.383 0.771 34.416 0.998 0.006 0.078 

 T(°C) RRe(-) k1(min) k2(-) R2 RSS MSE 
50 9.459 8.846 0.121 0.996 0.033 0.182 Peleg 70 6.726 3.871 0.173 0.998 0.005 0.071 

 T(°C) RRe(-) k1(min-1) R2 RSS MSE 
50 8.128 0.013 0.991 0.065 0.254 Exponential 70 6.155 0.035 0.985 0.044 0.209 

 
Table 10: Rehydration indices for dried pepper. 

 
Drying Process T(°C) WAC DHC RA 

50 0.920 0.371 0.356 Convective 70 0.877 0.098 0.086 
Lyophilization 0.825 0.625 0.516 
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CONCLUSIONS 
 

From the discrimination approach based on 
nonlinearity measures, it was possible to identify that 
the Overhults equation was the most appropriate to 
represent drying kinectics, since statistical analysis 
presented curvature measures which were not 
significant. Lyophilization produced samples with 
the smallest apparent density and real densities close 
to that obtained by convective drying. The porosities 
found were directly related to water loss. In terms of 
ascorbic acid content, lyophilized samples were 
superior to convectively dried ones. Vitamin C 
degradation increased with temperature in the 
convective drying. The material dried by 
lyophilization showed greater potential to rehydrate. 
 
 

NOMENCLATURE 
 
A, B, C, 
D, K 

parameters of Equations for 
drying kinetics 

M0 initial moisture content  kgH2O/kgdried solid
Meq equilibrium moisture  kgH2O/kgdried solid
MR dimensionless moisture 

number 
(-)

t time min
T Temperature ºC
V Superficial air velocity m.s-1

α, β, k1, 
k2 

parameters of rehydration 
equations 

ε porosity (-)
ρap  apparent density  kg/m3

ρr real density  kg/m3
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