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A b s t r a c t.  Drying characteristics of Stevia rebaudiana 
(Bertoni) leaves using radiation drying, convection drying, sun 
drying, and shade drying treatments were investigated in a con-
vective type. Results for all treatments indicated that drying took 
place in the falling rate period. The chroma of the dried samples 
ranged between 29.66 and 23.85. Convection and shade drying 
samples were found better in colour and had the highest content 
of total pigments. The proximate and fibre composition were 
affected by the drying treatments. Extracts obtained from con-
vection drying and shade drying leaves exhibited higher values 
of Trolox equivalent antioxidant capacities 416.89-423.64 mM 
mg-1 and ferric reducing power 85.19-87.97%. These extracts also 
showed ion chelating capacity 59.05-60.21% for Cu+2 and 55.05-
59.11% for Fe+2. The results indicate that it is possible to select 
the drying treatment to obtain the best nutritional and biological 
properties. Convection drying and shade drying were the least 
aggressive treatments and leaf powders obtained by these drying 
methods could be used as sources of nutrients, fibre, and antioxi-
dant compounds.

K e y w o r d s: Stevia rebaudiana (Bertoni), drying methods, 
nutritional composition, antioxidant properties

INTRODUCTION

Stevia is a perennial shrub indigenous to Paraguay and 
Brazil. Today, exceeding South America, all over the world 
Stevia rebaudiana (Bertoni) represents a new crop from 
which natural high-potency non-caloric sweeteners can be 
obtained. Since numerous studies have established certain 
effects of Stevia rebaudiana (Bertoni) and its extracts on 
humans, it has become interesting for the pharmaceuti-
cal industry (Singh et al., 2012). Among the therapeutic 
activities attributed to it, hypotensive regulation as well as 

hypoglycaemic, antimicrobial, and contraceptive activities 
can be listed (Markovic et al., 2008). As a result, Stevia 
rebaudiana (Bertoni) has become rather widespread over 
a wide range of climatic locations around the world and can 
apparently be successfully grown under different cultiva-
tion conditions, since the chemical composition of extracts 
of the leaves of Stevia rebaudiana (Bertoni) is dependent 
on the applied conditions of plant cultivation. Drying is one 
of the efficient methods applied for retaining the chemical 
composition and antioxidant properties of Stevia rebau- 
diana (Bertoni) leaves. However, some extent of quality 
deterioration still occurs during the drying process, so it 
must be performed within 24 h after harvesting (Abou-
Arab et al., 2010). The most commonly used methods 
for drying stevia leaves include the use of equipment or 
traditional drying carried out under ambient conditions 
(Espita et al., 2009). Conventional drying with forced air 
and convection are commonly encountered in dehydration. 
However, an alternative way to remove excess water from 
food is the use of traditional methods like shade drying and 
sun drying (Verás et al., 2012). The success of drying as 
a method of food preservation depends on the properties of 
the dried products like colour, nutritive value, and biologi-
cal activities (Bhuiyan et al., 2011). Some studies on drying 
treatments of stevia leaves have focused on its effect on 
the content of glycosides and antioxidants, like convection 
drying at 100 and 180°C, freeze drying and shade drying 
(Ruiz-Ruiz et al., 2015); and on nutritional composition, 
like sun, oven, and microwave drying (Gasmalla et al., 
2014). However, studies are needed on the effect of drying 
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treatments on the colour and pigment content, since both 
parameters may be associated with antioxidant capacity. 
Dried stevia leaves could also be an important source of 
nutrients and fibre components. Thus, the aim of the pre-
sent study was to evaluate the influence of drying methods 
on the proximate composition, fibre components, and the 
antioxidant capacities of Stevia rebaudiana leaves from 
Yucatan, Mexico.

MATERIALS AND METHODS

Stevia rebaudiana (Bertoni) var. Morita II was obtained 
from plots established in Tizimín Yucatan, México. The 
plantation had a crop management according to the pro-
duction methodology described in Ramírez et al. (2011). 

Samples were obtained from the first cut of the plot at an 
age of three months. All chemicals were reagent grade or 
better and purchased from Sigma Chemical Co. (St. Louis, 
MO, USA).

Stevia rebaudiana (Bertoni) leaves were subjected to 
four drying methods:

–– radiation drying,
–– convection drying,
–– shade drying, 
–– sun drying. 

Stoves at 60°C were used for the first two treatments. For 
the shade and sun dried treatments, temperature (29.7°C) 
and relative humidity (70%) were monitored during the 
process. To determine the drying kinetics of each treat-
ment, Stevia rebaudiana (Bertoni) leaves were weighed at 
the beginning and every 4 h for stove treatments, and every 
24 h for drying under environmental conditions. Drying 
was stopped until there was no significant weight loss. The 
leaves were milled to obtain a particle size of 1.0 mm. The 
samples were stored at room temperature in polyethylene 
bags until analysis.

Optical properties were determined with a tristimulus 
colorimeter. Leaf powders were placed directly over the 
2.54 cm diameter aperture for reading and 3 values (L*, 
a*, b*, ∆E*, h*) were recorded: L for lightness on a scale 
of 0 for black to 100 for white, a – associated with positive 
values for red and negative for green, and b – a value more 
negative for yellower and more positive for bluer samples 
(Singh and Prasad, 2013). ∆E* and h* were calculated 
using the following formulas:

∆E* = [(L2* - L1*)2 + (a2* - a1*)2 + (b2* - b1*)2]1/2

h* = tg-1(b*/a*).                               (1)
For determination of the contents of chlorophylls (a and 

b) and carotenoids, 10 g of the sample were placed in 90% 
acetone (50 mg ml-1) and homogenized at 1000 r.p.m. for 
one minute. The homogenate was filtered and centrifuged at 
2500 r.p.m. for 10 min. The supernatant was separated and 
the absorbances were read at 665, 645, 630, and 444 nm. 

The amounts of chlorophylls and carotenoids were calcu-
lated according to the formulas reported in Lichtenthaller 
(1987).

Chlorophyll: a (%) = 11.6*A665 - 1.31*A645 - 
0.14*A630, b (%) = -4.34*A665 + 20.7*A645 - 4.42*A630; 
carotenoids (%) = 0.0051*A444 + 0.00003; total pigments 
(%) = chlorophyll a + chlorophyll b + carotenoids.

The proximate composition was determined using 
AOAC methods (1998): moisture content (Method 925.09), 
ash (Method 923.03), crude fat (Method 920.39), crude 
protein (Method 954.01), and crude fibre (Method 962.09). 
The carbohydrate content was determined by subtracting 
the rest of the components from the total dry weight and 
estimated as the nitrogen-free extract (NFE).

Total dietary fibre (TDF) was determined with a gravi-
metric enzymatic method (Prosky et al., 1998). Briefly, 1 g 
of the sample was weighed into each of the four flasks and 
50 ml of phosphate buffer (50.0 mM, pH 6) was added to 
each. The flasks were then placed in a water bath at 100°C, 
0.1 ml of the thermostable α-amylase enzyme (Sigma 
A-3306) was added to each, and then they were agitated 
at 60 rpm for 15 min. After cooling, pH was adjusted to 
7.5. The flasks were returned to the bath at 60°C, 0.1 ml 
protease (Sigma P-3910) was added to each, and then they 
were agitated at 60 rpm for 30 min. After cooling, pH was 
adjusted to 4.0. The flasks were again placed in the bath 
at 60°C, 0.3 ml amyloglucosidase (Sigma A-9913) was 
added, and then they were agitated for 30 min. Finally, 
ethanol 95% (v/v), preheated to 60°C, was added at a 1:4 
(v/v) ratio. In a vacuum, the flask content was filtered into 
crucibles containing celite (Sigma C-8656). The residue 
remaining in the flask was washed three times with 20 ml of 
ethanol 78% (v/v), twice with 10 ml of ethanol 95% (v/v), 
and twice with 10 ml acetone. The crucible content was 
dried at 105°C. Protein (N x 6.25) was determined for the 
residue in two crucibles and the residue in the remaining 
two was burned at 550°C for 4 h:

,
(g) weight sample

1000  (g)]ash   (g)protein   (g) weight [residue  (%) TDF =  (2)

Insoluble dietary fibre (IDF) was determined follow-
ing the method described above, except that the addition of 
ethanol 95% (v/v) at 1:4 (v/v) was omitted. 

Soluble dietary fibre (SDF) was calculated by the diffe- 
rence between TDF and IDF: SDF = TDF – IDF.

The fibre components were determined using the meth-
ods described by Van Soest et al. (1991). Neutral detergent 
fibre (NDF) was determined using 50 ml fritted glass cruci-
bles dried at 100°C and weighed (W1). One g of the sample 
was weighed (W2) into a Berzelius beaker. A volume of 
100 ml of a neutral-detergent solution (distilled water, 
sodium borate, EDTA, lauryl sulphate, 2-ethoxyethanol, 
and disodium phosphate) was added. The pH was adjusted 
to 7.1. The sample was heated to boiling for 10 min and 
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refluxed for 60 min. Then the sample was filtered through 
a tared fritted glass crucible and washed with boiling water 
three times. The residue was rinsed twice with 40 ml of 
acetone. Finally, the residue was dried overnight in a con-
vection oven at 100°C and weighed (W3). Percent Neutral 
Detergent Fibre (NDF) was calculated as follows: 

%NDF = (W3-W1/W2) 100,              (3)

where: W1 = tare weight of the crucible in grams, W2 = 
initial sample weight in grams, W3 = dry weight of the cru-
cible and dry fibre in grams. 

For acid detergent fibre (ADF), the samples were 
processed similar to the method reported for NDF using 
a volume of 100 ml of an acid detergent solution (distilled 
water, Cetyl-trimethylammonium bromide, and sulphuric 
acid 1.0 N). 

For acid detergent lignin (ADL), the samples were 
processed similar to the method reported for ADF using 
a volume of 100 ml of a 72% H2SO4 solution. The crucible 
with a sample was ignited in a muffle furnace at 500°C for 
2 h. The crucible was weighed (W3).

Cellulose and hemicellulose were calculated as follows:  
––%Cellulose = ADF (Cellulose, lignin, cutin) – ADL 
(Lignin, cutin),
––%Hemicellulose = NDF (Hemicellulose, cellulose, 
lignin, cutin) - ADF (Cellulose, lignin, cutin).

The aqueous extract of stevia was obtained according 
to Woelwer et al. (2010) with some modifications. Uniform 
particle-sized powder (500 mg) was suspended in 5 ml of 
water that had been warmed up in a water bath at 100°C 
(Cole-Parmer, USA) for 30 min and subsequently centri-
fuged for 10 min at 4000 r.p.m. at 10°C (Z 300 K, Hermle 
Labortechnik, Germany). The supernatant was decanted 
and the solid residue was again added to 5 ml of water, 
and the procedure was repeated two more times. The aque-
ous phase obtained from three extractions was decanted 
into a 25 ml volumetric flask and then filtered through 
a 0.45 μm membrane.

For the 2,2´-Azinobis-(3-Ethylbenzothiazoline-6-Sulfo- 
nic Acid, ABTS•+) decolorization assay, the ABTS•+ radi- 
cal cation was produced by reacting 2,2’-azino-bis(3-ethyl- 
benzthiazoline-6-sulphonic acid (ABTS) with potassium 
persulfate (Rhee et al., 2004). To prepare the stock solu-
tion, ABTS was dissolved at a 2 mM concentration in 50 ml 
phosphate-buffered saline. The ABTS radical cation was 
produced by reacting 10 ml ABTS stock solution with 40 µl 
K2S4O8 70 mM solution and allowing the mixture to 
stand in darkness at room temperature for 16-17 h before 
use. Antioxidants in stevia were analysed by diluting the 
ABTS•+ solution with PBS to an absorbance of 0.800 
± 0.030 AU at 734 nm. After adding 990 µl of a diluted 
ABTS•+ solution (A 734 nm = 0.800 ± 0.030) to 10 µl 
of 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid 
(TROLOX) standard (final concentration 0.5-3.5 mM) in 
PBS, absorbance was read at room temperature exactly 

6 min after initial mixing. All analyses were run in trip-
licate. Stevia rebaudiana (Bertoni) extract was tested at 
a concentration of 50 mg ml-1. The percentage decrease in 
absorbance at 734 nm was calculated and plotted as 
a function of the antioxidant concentration of Trolox (0.5-
3.5 mM) for the standard reference data. To calculate the 
Trolox equivalent antioxidant coefficient (TEAC), the slope 
of the absorbance inhibition percentage vs. antioxidant con-
centration plot was divided by the slope of the Trolox plot. 
This produces the TEAC at a specific point in time.

The ferric reducing power assay is based on the re- 
duction of potassium ferricyanide (Fe+3) to (F+2) in the pre- 
sence of an antioxidant, KFeIII forming the blue complex 
[FeII(CN6)], which absorbs at 700 nm (Sudha et al., 2011). 

First, 200 µl of the sample (50 mg ml-1), 500 µl of phosphate 
buffer (0.2 M, pH 6.6), and 500 µl of potassium ferricya-
nide (1%) were mixed in a test tube. The test tube was 
then incubated at 50ºC for 20 min. Subsequently, 500 ml 
of trichloroacetic acid (10%) were added, and the tube was 
centrifuged at 3 000 g for 10 min. An aliquot of 500 µl of 
the supernatant, dissolved in an equal amount of distilled 
water, was immediately added to 500 µl of ferric chloride 
(0.1%). Absorbance was determined at 700 nm. The sam-
ples were tested in a range of concentrations from 200 to 
1 000 mg ml-1. 

Cu2+-chelating activity was determined using the pyro-
catechol violet reagent (Saiga et al., 2003). Briefly, 1.0 ml 
of sodium acetate buffer (100 mM, pH 4.9), 100 ml of Cu 
(II) standard solution (1.0 mg ml-1), and 100 ml of the sam-
ple (containing 200 mg of the sample) were mixed in a test 
tube. The mixture was allowed to react for 5 min at room 
temperature and 25 ml of a pyrocatechol violet solution 
(4.0 mM) was then added. Absorbance was determined at 
632 nm. Copper chelating activity was calculated as fol-
lows: Chelating activity (%) = (1 – sample absorbance/
control absorbance) x 100. 

Fe2+-chelating activity was determined by measuring 
the formation of the Fe2+-ferrozine complex (Carter, 1971). 
Briefly, 1.0 ml of sodium acetate buffer (100 mM, pH 4.9), 
100 ml of Fe(II) standard solution (1.0 mg ml-1), and 100 ml 
of the sample (containing 200 mg of the sample) was mixed 
in a test tube. The mixture was allowed to react for 5 min 
at room temperature and 50 ml of a ferrozine solution 
(40 mM) was then added. Absorbance was determined at 
562 nm. Iron chelating activity was calculated as follows: 
Chelating activity (%) = (1 - sample absorbance/ control 
absorbance) x 100.

All results were analysed using descriptive statistics 
with a central tendency and dispersion measures. One-way 
ANOVAs were run to evaluate proximate composition, 
fibre composition, pigment content, and in vitro antioxidant 
activities. The least significant difference (LSD) multiple 
range test was used to determine differences among the 
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drying treatments. All analyses were performed according 
to Montgomery (2004) and processed with the Statgraphics 
Plus version 5.1 software.

RESULTS AND DISCUSSION

The drying curves obtained from hot air and convection 
drying are shown in Fig. 1. For radiation drying, a rapid 
decrease in the weight difference was observed for the first 8 
hours and before the weight was stable, because the vegetal 
material reached equilibrium in moisture content. Instead, 
for convection drying, the weight gradually decreased until 
equilibrium in moisture content was reached after 20 h.

Temperature (60°C) and time (24 h) were the same for 
both treatments; however, the radiation drying treatment 
was more efficient than the convection treatment, since 
weight loss is dependent on both temperature and hot air 
flow in the process of drying. According to Bhuiyan et al. 
(2011), one of the most common methods of drying is using 
air as a drying agent. Heat and mass transfer between air 
and the solid take place in opposite directions. This would 
explain the results obtained in this study. Dehydration of 
leaves was also evaluated with traditional drying methods 
(Fig. 2). For sun drying, a rapid decrease in weight was 
observed for the first 48 h and before the weight was stable, 
because equilibrium in moisture content was reached. The 
shade drying showed the same behaviour.

The traditional drying method took more time (48 h) 
in comparison with the radiation drying (8 h) and the con-
vection drying (20 h). Traditional methods such as sun and 
shade drying could result in contamination and are slow; 
additionally, their dependence on weather conditions does 
not allow establishing reproducible conditions to control 
the process. However, their equipment and energy costs 
are minor compared with the methods of industrial drying. 
Thus, these methods could be an alternative for peasants 
and small industries to process stevia leaves.

The samples dried by the shade drying and sun drying 
showed the highest values of lightness (L) compared with 
the radiation and convection drying treatments (Table 1). 
For the colour-opponent dimension a*, leaf powders obtain- 
ed by the shade and sun drying treatments showed nega-
tive values, which indicates that the components associated 
with the green colour as the chlorophyll pigments were not 
degraded during the drying process. In contrast, leaf pow- 
ders obtained by the radiation and convection drying treat-
ments showed positive values, which indicates that the green 
colour was partially degraded during the drying process.

Samples dried by the shade drying and sun drying 
showed the highest values of chroma (∆E*) compared with 
the radiation and convection drying treatments. The deg-
radation of pigments during the radiation and convection 
drying process had a negative impact on the optical prop-
erties of the powders. The Hue angle (h*) sets the kind of 

Fig. 1. Moisture content (% w/w) in leaves of Stevia rebaudiana 
(Bertoni) obtained by the radiation and convection drying meth-
ods. Data are presented as means (n = 3).

Fig. 2. Moisture content (% w/w) in leaves of Stevia rebaudiana 
(Bertoni) obtained by the shade and sun drying methods. Data are 
presented as means (n = 3). 

T a b l e  1. The L*, a*, b*, DE* values and hue angle of dried leaf powders of Stevia rebaudiana (Bertoni)

Drying treatment L* a* b* DE* h*

Radiation 43.62 ± 2.18a 1.52 ± 0.08a 24.15 ± 1.21a 24.20 ± 1.21a 86.41 ± 4.32a

Convection 44.92 ± 2.24a 1.43 ± 0.07a 23.80 ± 1.19a 23.85 ± 1.19a 86.56 ± 4.33a

Shade 61.29 ± 3.06c -7.71 ± 0.38c 29.51 ± 1.48b 29.25 ± 1.46b 104.61 ± 5.23b

Sun 53.86 ± 2.69b -2.85 ± 0.14b 29.52 ± 1.48b 29.66 ± 1.48b 95.50 ± 4.78ab

Data are presented as means (n = 3). Different letters in the same line indicate significant difference (p < 0.05).
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colour. Hue angle values are higher for samples dried by 
traditional treatments. This indicates that the predominant 
colour is green and more intense.

Leaf powders obtained by the drying treatments were 
analysed for the content of chlorophyll a and b, carotenoids, 
and total pigments (Fig. 3). It was found that the contents of 
chlorophylls a and b did not show any differences between 
the drying methods. Abou-Arab et al. (2010) quantified the 
content of chlorophylls, carotenoids, and total pigments in 
fresh leaves of stevia reporting values of 10.1, 6.6, 3.9, and 
20.1 g g-1 of chlorophylls a, b, carotenoids, and total pig-
ments, respectively. The same authors reported reductions 
of 47.4, 41.3, 74.8, and 50.9% with final values of 4.7, 2.7, 
0.76, and 7.5 g g-1 of chlorophylls a, b, carotenoids, and 
total pigments, respectively, after sun drying. In the present 
study, the contents of chlorophyll b, carotenoids, and total 
pigments were higher (Fig. 3). 

This may be due to the drying methods not causing 
excessive degradation of pigments. Shade drying has the 
highest content of total pigments, followed by convection, 
sun, and radiation. Usually carotenoids are present together 

with chlorophylls in chloroplasts, but are also present in 
other chromoplasts (Krinsky et al., 2005). Although chlo-
rophylls are not considered dietary antioxidants, they are 
widely distributed among green fruits and vegetables with 
chlorophyll derivatives predominating in higher plants; 
they also possess anti-mutagenic activity and antioxidant 
activity by breaking the radical chain reaction caused by 
autoxidation via a hydrogen-donating mechanism (Ferruzzi 
et al., 2002). There are three possible mechanisms that 
could account for the reaction of carotenoids with radi-
cal species, especially singlet oxygen (1O2) and peroxyl 
radicals (ROO•), including electron transfer, hydrogen 
abstraction, and the addition of a radical species (Young and 
Lowe, 2001). Whilst the drying method affects the content 
of chlorophylls and carotenoids, the remaining contents of 
both pigments could partially confer antioxidant activity to 
the Stevia rebaudiana (Bertoni) leaf powder.

Table 2 summarizes the proximate composition of S. 
rebaudiana leaf powders. The results showed that there 
were significant (p < 0.05) differences between the mois-
ture content of leaves dried using the different methods. The 

Fig. 3. Composition of chlorophyll (a and b), carotenoids, and total pigments of Stevia rebaudiana (Bertoni) leaves treated by the radia-
tion, convection, shade, and sun drying methods. Data are presented as means (n = 3).

T a b l e  2. Proximate composition of Stevia rebaudiana (Bertoni) leaves treated by different drying methods

Component (%) Radiation drying Convection drying Shade drying Sun drying

Moisture 8.06 ± 0.21c 7.45 ± 0.10b 7.72 ± 0.24bc 6.97 ± 0.22a

Ash 9.25 ± 0.28c 7.73 ± 0.29a 7.89 ± 0.28a 8.63 ± 0.30b

Crude Fat 3.05 ± 0.52a 3.23 ± 0.41a 3.81 ± 0.64a 3.76 ± 0.48a

Crude Protein 13.77 ± 0.33b 12.11 ± 0.66a 14.57 ± 0.38c 12.30 ± 0.35a

Crude fiber 9.52 ± 0.11a 10.50 ± 0.36b 10.00 ± 0.14b 10.65 ± 0.51b

NFE 64.32 ± 1.20a 66.43 ± 1.36b 63.73 ± 0.79a 64.66 ± 1.04a

Explanations as in Table 1.
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moisture content varied from 6.97 to 8.06%. The radiation 
drying and shade drying methods gave the highest values 
followed by convection drying and sun drying. 

The contents of ash, crude protein, crude fibre, and 
NFE in dehydrated S. rebaudiana (Bertoni) leaves are pre-
sented in Table 2. One way ANOVA showed significant 
(p < 0.05) differences between the contents for dry samples. 
The results were similar to those reported by Abou-Arab 
et al. (2010), who reported values of 5.37% for moisture, 
11.41% for protein, 3.73% for crude fat, 15.52% for crude 
fibre, 7.41% for ash, and 61.93% for carbohydrates in leaves 
of S. rebaudiana (Bertoni) dehydrated by shade drying. All 
methods of drying reduced the moisture content to values 
less than 10%. The low levels of moisture of S. rebaudiana 
(Bertoni) leaves enable them to be preserved for long 
periods. S. rebaudiana (Bertoni) leaves have high amounts 
of crude protein, crude fibre, and carbohydrates. Conside- 
ring the primary nutrient composition of the S. rebaudiana 
(Bertoni) leaves, this could be used not only as a sweetener 
but also as a source of nutrients.

The dietary fibre derived from the cell walls and mid-
dle lamellas of plants are not absorbed in the body since 
it lacks the enzyme to hydrolyse them. However, studies 
have shown that these components can trap carcinogens 
and other reactive substances such as bile acids, so that its 
beneficial effect is exerted directly on the small intestine, 
which not only removes harmful substances but also alters 
the microenvironment of the colon (Sankhala et al., 2005). 
The values of total, insoluble and soluble dietary fibre 
in dehydrated S. rebaudiana (Bertoni) leaves are presented 
in Table 3.

There were no significant differences in the TDF con-
tent for the differently dried S. rebaudiana (Bertoni) leaves. 
For all treatments, the content of IDF represented between 
80 to 90% of TDF with the lower and higher proportions 
in the radiation and sun drying methods, respectively. The 
IDF/SDF ratio ranged between 4 in the radiation drying to 

9 in the sun drying method. According to Vásquez-Osorio 
et al. (2014), when IDF is four times greater than the 
soluble dietary fibre, the technical and functional properties 
of fibre increases. In the human gastrointestinal tract, in- 
soluble fibres are not water-soluble. They do not form gels 
due to their water insolubility and fermentation is severely 
limited. Soluble fibre dissolves in water forming viscous 
gels. They bypass the digestion of the small intestine and 
are easily fermented by the microflora of the large intestine 
(Wong and Jenkins, 2007).

Cellulose, hemicellulose, non-structural polysaccha-
rides, and lignin are included in the NDF. The ADF is 
composed of cellulose and lignin, since treatment with the 
acidic reagent detergent makes the hemicellulose solubilize 
in its entirety, whilst the ADL is an acid treatment, and only 
leaves lignin because it is resistant to acid digestions (Van 
Soest et al., 1991). The content values of NDF, ADF, and 
ADL of the S. rebaudiana (Bertoni) leaves dried using the 
four treatments are presented in Table 3. The contents of 
hemicellulose and cellulose were similar. Cellulose is the 
principal structural carbohydrate of plants, found in the lea- 
ves of S. rebaudiana (Bertoni) at a high content. It repre-
sents a potential source of use in food, since it has been 
reported to have poor solubility; it is resistant to digestion 
in the human gastrointestinal system. These components 
help to increase the volume of the faecal bolus, promot-
ing peristalsis in the intestine and increasing faecal volume 
(Sánchez-Muñiz, 2012). Dietary fibre is an abundant source 
of nutrients including vitamins, minerals, and a slowly 
digestible energy. In addition, it contains phytochemicals 
such as pigments, phenolics, carotenoids, lignans, beta-
glucan, and inulin. These chemicals, secreted by plants, are 
not currently classified as essential nutrients but may be 
important factors in human health (Liu, 2003). The syner-
gistic effect of phytochemicals, increased nutrient content 
and digestive properties are believed to be the mecha-
nism behind the beneficial effects of dietary fibres on the 

T a b l e  3. Chemical composition of fiber from Stevia rebaudiana (Bertoni) leaves treated by different drying methods

Component (%) Radiation drying Convection drying Shade drying Sun drying

Total dietary fiber 37.73 ± 1.27a 38.05 ± 6.17a 32.77 ± 2.97a 35.16 ± 1.49a

Insoluble dietary fiber 30.26 ± 1.28a 31.69 ± 0.71a 29.07 ± 1.40a 31.65 ± 1.53a

Soluble dietary fiber 7.48 ± 0.03c 6.36 ± 0.47b 3.69 ± 0.17a 3.51 ± 0.07a

Neutral detergent fiber 17.98 ± 0.43b 17.81 ± 0.77b 16.19 ± 0.15a 16.67 ± 0.71ab

Acid detergent fiber 13.25 ± 0.60a 13.72 ± 0.75b 12.26 ± 0.28a 13.54 ± 1.64ab

Acid detergent lignin 2.91 ± 1.15c 2.32 ± 0.27a 2.51 ± 0.21a 3.48 ± 0.50b

Cellulose 10.34 ± 0.73b 11.40 ± 0.68b 9.75 ± 0.19a 10.07 ± 1.15ba

Hemicellulose 4.73 ± 0.17b 4.09 ± 0.68a 3.93 ± 0.43a 3.23 ± 0.95a

Explanations as in Table 1.
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treatment and prevention of obesity and diabetes (Weickert 
and Pfeiffer, 2008), reduced cardiovascular diseases, and 
decreased incidence of certain types of cancer (Lattimer 
and Haub, 2010).

The TEAC assay is an excellent tool for determining 
the antioxidant activity of hydrogen-donating antioxidants 
and chain-breaking antioxidants (Siow and Hui, 2013). 
The Stevia rebaudiana (Bertoni) extracts efficiently sca- 
venged ABTS radicals with Trolox Equivalent Antioxidant 
Capacity (TEAC) values, as shown in Fig. 4. The values 
of TEAC were higher for the convection and shade drying 
methods.

On the other hand, the values from the results of TEAC 
decreased in the sun and radiation drying methods. TEAC 
could be related to the amount of pigments and the loss 
of pigments could be explained by thermal oxidation and 

decomposition (Manzocco et al., 2002), which might be 
the main cause of the antioxidant activity decrease in leaf 
powders obtained by the radiation and sun drying methods.

Reducing power was measured by direct electron dona-
tion in the reduction of Fe3+(CN−)6–Fe2+(CN−)6. The product 
was visualized by forming an intense Prussian blue colour 
complex; a higher absorbance value indicates a strong-
er reducing power of the samples. Figure 5 presents the 
reductive capabilities of the extracts of Stevia rebaudiana 
(Bertoni). The results of this assay indicate that the extracts 
are able to donate electrons to reactive radicals, making 
them form more stable and unreactive species. 

Ferric reducing power values were higher for the con-
vection and shade drying methods. On the other hand, ferric 
reducing power values decreased in the sun and radiation 

Fig. 4. Trolox equivalent antioxidant capacity (TEAC) of Stevia rebaudiana (Bertoni) leaves treated by the radiation, convection, 
shade, and sun drying treatments. Data are presented as means (n = 3).

Fig. 5. Antioxidant capacities of Stevia rebaudiana (Bertoni) leaves treated by the radiation, convection, shade, and sun drying treat-
ments. Data are presented as means (n = 3).

TE
A

C
 (m

M
 m

g-1
 sa

m
pl

e)
A

nt
io

xi
da

nt
 c

ap
ac

iti
es

 (%
)



Y.B. MOGUEL-ORDÓÑEZ et al.330

drying methods. The ferric reducing properties are gene- 
rally associated with the presence of reductions by breaking 
the free radical chain by donating a hydrogen atom (Duh 
et al., 1999). The ferric reducing power is widely used to eval-
uate the antioxidant properties of dietary phytochemicals 
(Luximon-Ramma et al., 2005). A highly positive re- 
lationship between phytochemicals and antioxidant activity 
was observed in many plant species (Oktay et al., 2003).

Metal ion chelating capacity plays a significant role 
in antioxidant mechanisms, since it reduces the concen-
tration of transition metal ions that are potent catalysts 
and capable of initiating processes in lipid peroxidation, 
especially in cellular membranes. The capacities of met-
al ion chelation of the Stevia rebaudiana (Bertoni) leaf 
extracts are shown in Fig. 5. The main strategy to avoid 
the generation of reactive oxygen species, which is associ-
ated with redox active metal catalysis, involves chelating 
metal ions. Stevia rebaudiana (Bertoni) aqueous extracts 
interfered with the formation of ferrous and cupric com-
plexes, suggesting that they have chelating activity and 
capture metallic ions. The chelating activity was higher 
for the convection and shade drying methods. The high-
er pigment content in aqueous extracts obtained from S. 
rebaudiana (Bertoni) leaves, dried by the convection and 
shade drying methods showed greater antioxidant acti- 
vity. The loss of pigments in the radiation and sun drying 
methods could be explained by thermal oxidation, thermal 
decomposition, or photodegradation. 

CONCLUSIONS

1. The different drying methods did not have an effect 
on the primary nutrients and fibre composition of Stevia 
rebaudiana (Bertoni) leaf powder.

2. Colour, the content of pigments, and antioxidant 
capacities were affected by the drying method. 

3. For preserving primary nutrients, fibre, colour, pig-
ments, and antioxidant capacities of the leaf powder, the 
convection and shade drying treatments were the most 
effective. 

4. Convection drying is suitable for modern food pro-
cessing industries while shade drying may be a low cost 
alternative for farmers. 

5. The extracts obtained from Stevia rebaudiana 
(Bertoni) leaves were found to be effective radical scav-
engers and possessed good reducing power and chelating 
activity. 

6. The results of the present study suggest the potential 
use of the dry processed leaf powders of Stevia rebaudiana 
(Bertoni) as functional food due to their high nutrient and 
fibre content, and their multiple antioxidant capacities.
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