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Abstract Stevia leaves are usually used in dried state and
undergo the inevitable effect of drying process that changes
the quality characteristics of the final product. The aim of this
study was to assess temperature effect on Stevia leaves
through analysis of relevant bioactive components, antioxi-
dant capacity and content of natural sweeteners and minerals.
The drying process was performed in a convective dryer at
constant temperatures ranging from 30 to 80 °C. Vitamin C
was determined in the leaves and as expected showed a de-
crease during drying proportional to temperature. Phenolics
and flavonoids were also determined and were found to in-
crease during drying below 50 °C. Antioxidant activity was
determined by DPPH and ORAC assays, and the latter
showed the highest value at 40 °C, with a better correlation
with the phenolics and flavonoids content. The content of
eight natural sweeteners found in Stevia leaves was also de-
termined and an increase in the content of seven of the sweet-
eners, excluding steviol bioside, was found at drying temper-
ature up to 50 °C. At temperatures between 60 and 80 °C the
increase in sweeteners content was not significant. Stevia
leaves proved to be an excellent source of antioxidants and
natural sweeteners.
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Introduction

Stevia rebaudiana Bertoni, a plant used for sweetening, me-
dicinal, pharmaceutical and feeding purposes, is one of the
rawmaterials that has been claiming great interest and demand
on the global markets during the last few years [1].Most of the
studies on Stevia leaves are focused on the plant growing
parameters and its adaptation to different edapho-climatic
zones [2]. The medicinal and functional properties, such as
antiviral and antibacterial capacities [3, 4] or antioxidant ac-
tivity [5, 6] have also attracted much attention and interest, so
that in published data complete and extensive research works
on the extraction methods by all available technologies can be
found [4, 6, 7]. The first stage in processing of Stevia leaves is
by far the drying operation, commonly performed using solar
energy. However, solar drying due to an intrinsic lack of sys-
tematic process control, often presents multiple disadvantages
related to dried product quality, especially those aspects relat-
ed to a deficient microbiological safety. In consequence,
conducting research on dehydration of Stevia leaves is highly
recommended. Drying by hot air is a very common and ap-
propriate postharvest technology to extend shelf life of a prod-
uct, preserving its quality and stability through reduction of
moisture content. Furthermore, drying process also add value
to food products and a proper management of the drying pro-
cess, seen from an operational and capital investment point of
view, can lead to a higher yield of a high quality product [8].
The undesirable effects of hot-air drying can be reduced to a
minimum through proper monitoring of appropriate control
variables, such as air drying temperature, which favors im-
provement of the nutritional value of the food product.

* Roberto Lemus-Mondaca
rlemus@userena.cl

* Kong Ah-Hen
kshun@uach.cl

1 Departamento de Ingeniería en Alimentos, Universidad de La
Serena, Av. Raúl Bitrán, 1305 La Serena, Chile

2 Instituto Ciencia y Tecnología de Alimentos, Universidad Austral de
Chile, Av. Julio Sarrazín s/n, Valdivia, Chile

3 Departamento de Ingeniería Mecánica, Universidad de La Serena,
Av. Benavente 980, La Serena, Chile

Plant Foods Hum Nutr (2016) 71:49–56
DOI 10.1007/s11130-015-0524-3

http://crossmark.crossref.org/dialog/?doi=10.1007/s11130-015-0524-3&domain=pdf


Several investigations have clearly shown the influence of
drying temperature on the relevant physical and biochemical
quality aspects of various fruits and vegetables, especially on
attributes such as color, total phenolic content, vitamin C, β-
carotene or antioxidant capacity [8, 9]. In other investigations,
the effect of drying methods on some quality characteristics of
Stevia leaves has been reported [10, 11]. Knowledge on these
properties are necessary to establish quality standard of the
dried products and also in the development of new products
with desired properties or for quality improvement. Periche
et al. [12] found high levels of phenolics and flavonoids com-
pounds in Stevia infusions. Muanda et al. [13] identified 18
phenolic compounds in the Stevia leaves, which revealed a
high antioxidant capacity that also come from the flavonoids
like apigenin-4-O-β-D-glycoside, kaemp ferol-3-O-
rhamnoside, quercetin-3-O-β-D-arabinoside, quercetin-3-O-
glucoside and quercetin-3-O-rutinoside, identified by Ghanta
et al. [5] and Cacciola et al. [14].

Consequently, a proper application of drying temperature
that leads to final products with excellent quality characteris-
tics is crucial. The effects of air drying temperature leading to
changes in the concentration profiles of the bioactive compo-
nents and antioxidant capacity in the Stevia leaves have been
reported only scarcely. Therefore, the aim of this study was to
quantify the effect of drying temperature in a range between
30 and 80 °C on the Stevia leaves with respect to bioac-
tive components, antioxidant capacity and natural
sweeteners.

Materials and Methods

Drying Experiments The Stevia leaves were obtained from a
local nursery at La Serena, Chile. The leaves were separated
from the stalk by a clear cut, and selected to provide a homo-
geneous group, based on date of harvest, color and freshness
according to visual analysis. Samples were kept refrigerated at
5.2 ± 0.2 °C until drying process that was performed at six
experimental drying temperatures (30, 40, 50, 60, 70 and
80 °C) at a constant air velocity of 2.0 ± 0.2 m/s. The weight
of Stevia leaves sample, initially at 80 ± 0.5 g (load
density = 2.08 kg/m2), was monitored until achievement of
equilibrium condition, using an analytical balance (Ohaus
SP402, NJ, USA) with a precision of ±0.01 g connected by
an interface system (Ohaus RS232, NJ, USA) to a computer,
which recorded and stored data at regular time intervals.

Proximate Analysis, Water Activity and Vitamin C Con-
tent The moisture content was determined employing a vac-
uum oven (Gallenkamp, OVL570, UK) and an analytical bal-
ance (CHYO, Jex120, Japan). Crude protein content was de-
termined using the Kjeldahl method with a conversion factor
of 6.25. Lipid content was analyzed gravimetrically following

Soxhlet extraction. Crude ash was determined by incineration
in a muffle furnace (Felisa, 360D) at 550 °C. Crude fiber was
estimated by acid/alkaline hydrolysis of insoluble residues.
The methods used for proximate analysis followed the recom-
mendations of AOAC [15]. The water activity was determined
at 25 °C by a Novasina water activity instrument (model TH-
500, Pfaffikon, Switzerland). The determination of vitamin C
wa s p e r f o rm e d b y c e r t i f i c a t i o n o f NBS (N -
Bromosuccinimide) according to Barakat et al. [16] with some
modifications. All analyses were performed in triplicate and
expressed in g/100 g dry matter (d.m.).

Preparation of Stevia Leaves Extracts Extraction was per-
formed using 0.5 g of powdered sample of fresh or dried Stevia
leaves mixed to 20 mL of aqueous methanol solution (50%) on
a shaker for 24 h [13]. After centrifugation at 5000 rpm for
25 min at room temperature, the supernatant was removed
and transferred to a 25 mL volumetric flask and stored at
−80 °C, until performance of the analysis for total phenolic
content (TPC), total flavonoid content (TFC) and DPPH (2,2,
-dyphenyl-2-picryl-hydrazyl) antioxidant activity.

Determination of Total Phenolic and Flavonoid Content
TPC was determined using Folin-Ciocalteu reagent (FC) as
described by Chuah et al. [17] , but with some modifications.
Absorbance was measured at 725 nm with a spectrophotom-
eter (Spectronic R20 Genesys™, Illinois, USA) and a gallic
acid calibration curve was established for quantification of
TPC. Results were expressed as mg gallic acid equivalent
(GAE) per 100 g dry matter (mg GAE/100 g d.m.). TFC
was measured using a colorimetric assay as described by
Dini et al. [18]. Absorbance was determined at 415 nm with
distilled water as blank. Total flavonoids in the extracts were
expressed as mg quercetin equivalent (QE) per 100 g dry
matter (mg QE/100 g d.m.).

Determination of DPPH Radical-Scavenging Activity The
DPPH antioxidant capacity was determined as described by
Muanda et al. [13]. Absorbance was monitored at 517 nm
using a spectrophotometer (Spectronic R20 Genesys™,
Illinois, USA). The antioxidant capacity was expressed as
μmoles Trolox equivalent per 100 g dry matter (μmoles TE/
100 g d.m.).

Determination of Oxygen Radical Absorbance Capacity
(ORAC) ORAC antioxidant activity was determined as de-
scribed by Zheng and Wang [19] using sodium fluorescein
solution. The fluorescence spectrophotometer was set at
485 nm for excitation and at 535 nm for emission. ORAC
value was expressed in μmoles TE/100 g d.m.

Analysis of Phenolic Acids Extraction procedures of pheno-
lic acids followed the method described by López-Martínez
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et al. [20] with some modifications. The analysis of phenolic
acids was performed using an Agilent 1200 HPLC system
(Agilent, Palo Alto, CA, USA), equipped with a high-
pressure pump, an automatic injector, a UV-visible diode array
detector controlled by ChemStation software. The analytical
column was a Kromasil 100-5C18; 250 × 4.6 mm (Eka
Chemical, Bohus, Sweden). Selected phenolic acids (gallic,
protocatechuic, chlorogenic, caffeic, syringic, vanillic, p-
coumaric, trans-sinapic, ellagic, salicylic, trans-ferulic and
trans-cinnamic acids) and rutin (quercetin-3-O-rutinoside, a
glycoside between the flavonol quercetin and the disaccharide
rutinose or α-L-rhamnopyranosyl-(1 → 6)-β-D-glucopyra-
nose) in a methanol-formic acid (99:1) solvent were identified
by comparison of retention times, spectra and peak area at
maximum absorption wavelength. The content of phenolic
compounds were expressed in mg/100 g d.m.

Determination of Sweeteners Content The determination of
sweeteners content (steviol glycosides) was performed accord-
ing to The Compendium of Food Additive Specifications from
Joint FAO/WHO Expert Committee on Food Additives [21].
Themethod determines the percentages of the individual steviol
glycosides by HPLC (Agilent, Palo Alto, CA, USA) using
Stevioside (>99.0 % purity) and Rebaudioside A (>97 % puri-
ty) as standards. The contents of the seven main steviol glyco-
sides (Rebaudioside A, Rubusoside, Dulcoside, Steviolbioside,
Stevioside, Rebaudioside C and Rebaudioside B) was deter-
mined and the total content of sweeteners was the sum of the
individual steviol glycosides [21].

Determination of Minerals Mineral elements (K, Ca, Mg,
Na, Cu, Mn, Zn, and Fe) in the Stevia leaves were determined
using an atomic absorption spectrophotometer (AAS,
Shimadzu Instruments, Inc., SpectrAA-220, Kyoto, Japan)
after digestion in a mixture of H2SO4, HNO3 and HClO4 in
equal proportion. All determinations were performed in trip-
licate and expressed in mg/100 g d.m..

Statistical AnalysisData were performed through an analysis
of variance (ANOVA) using the Statgraphics®5.1. software.
Differences among mean values were established by the LSD
at 5 %. In addition, a multiple range test (MRT) was used to
demonstrate the existence of homogeneous groups within
each of the parameters.

Results and Discussion

Drying Process In this work, the drying assays performed at a
constant air velocity and different air drying temperatures
maintained constant at 30, 40, 50, 60, 70 or 80 °C during the
whole process, achieved a moisture ratio around 0.01 (1 %)
after a drying time of 570, 480, 270, 180, 120 and 60 min,

respectively. Analysis of the assays showed that both drying
temperature and drying time have a significant effect on the
bioactive compounds, which means that any report on the
results of a drying process should definitely mention the dry-
ing conditions.

Physicochemical Characteristics In Table 1 values of the
proximate composition (moisture, lipid, total ash, protein,
crude fiber and carbohydrates) for both fresh and dried
Stevia leaves are shown. Influence of process temperature on
the proximate composition was observed with significant dif-
ferences (p < 0.05) between the Stevia leaves samples, all
dried at different temperatures. In the fresh Stevia leaves, a
moisture content of 76.64 ± 0.37 % wet basis (w.b.) was de-
termined, indicating susceptibility of the fresh leaf to oxida-
tion and enzymatic reactions. It should be noted that initial
moisture value of the fresh Stevia leaves was almost of the
same order as moisture values reported by Kaya and Aydin
[22] for herbal leaves (80 % w.b.). Moisture content of dried
Stevia leaves has been reported to lie in a range between 4.5
and 7.7 g/100 d.m. [1, 23, 24], but without stating drying
conditions and methods. In our study, as it can be observed
in Table 1, this range of moisture content was achieved during
convective drying of Stevia leaves at temperatures between 30
and 40 °C. Moisture content may be reduced to a value near to
1 g/100 g d.m. at a drying temperature of 80 °C, which
brought water activity down to 0.04 ± 0.01. The drying oper-
ation also led to a relative increase in the content of lipid, ash
and protein and a relative decrease in the content of carbohy-
drate and fibre. The increase in fat, ash and protein content as
drying temperature increased may be significant but is quite
small and is probably due to intrinsic variation in composition
of natural food products. However, the decrease in carbohy-
drate and fiber content as process temperature increased may
be the result of enhanced thermal degradation of both com-
pounds especially during the initial drying period. The values
of the proximate analysis in Table 1 are similar to values
reported in other investigations on dehydrated Stevia leaves
that showed lipid, protein, carbohydrate, fiber and ash values
to lie between 3.0 and 6.0, 9.8–12, 35.2–61.9, 15.0–18.5 and
6.3–13.1 g/100 d.m., respectively [1, 23, 24].

In Table 1 the contents of vitamin C in the fresh and dried
Stevia leaves are also shown, with a significant (p < 0.05) de-
crease during the drying process at all temperatures. The con-
tent of vitamin C in dehydrated Stevia leaves decreased from
130.3 ± 3.4 mg/100 g d.m. in the fresh leaves to 74.1 ± 0.4,
60.9 ± 0.7 and 50.1 ± 0.7 mg/100 g d.m. in the leaves dried at
temperatures of 40, 60 and 80 °C, respectively, which meant a
reduction to 57, 47 and 38 % of the initial content for the
respective drying temperatures. At 30 °C, the drymatter content
of the dried Stevia leaves was about 94 % and the content of
vitamin C retained in the leaves was 73.7 ± 1.2 mg/100 g wet
basis. At 80 °C the dry matter content is around 99 % and the
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retained content of vitamin C was 49.5 ± 0.5 mg/100 g wet
basis. Therefore, the content of vitamin C found in the dried
Stevia leaves decreased as drying temperature increased, al-
though it still remained relatively high, which may be consid-
ered a valuable asset for preparation of a naturally sweetened
herbal infusion in tea mixtures or as water-based extracts in
desserts and milk products or directly by the end-user in jams,
stewed fruits, etc. On the other hand, the presence of vitamin C
in the dried leaves may be used as a quality index and also as an
evaluating criterion for thermal treatment. In comparison, in
fresh leaves of peppermint (Mentha piperita) and spearmint
(Mentha spicata), contents of vitamin C of 140 ± 10 and
480 ± 30 μg/kg fresh tissue were found, respectively [25].

Total Phenolics and Flavonoids Content In Fig. 1, contents
of total phenolics (TPC) and total flavonoids (TFC) are
shown. TPC of 28.76 ± 2.94 mg GAE/100 g d.m. and TFC
of 88.65 ± 2.03 mg QE/100 g d.m. were determined in the

fresh Stevia leaves. The presence of total phenolics and total
flavonoids is a positive indication for the antioxidant proper-
ties of Stevia leaves. After air drying (temperature not report-
ed), Tadhani et al. [6] determined a TPC of 25.18 mg GAE/g
d.m. and Shukla et al. [26] a TPC of 56.74 mg GAE/g d.m.
Stevia leaves. For shade drying, Ghanta et al. [5] reported a
value of 0.86 mg GAE/mg d.m. in ethyl acetate extract of
Stevia leaves. Similarly, Kim et al. [27] reported TPC of
130.67 mg catechin/g d.m. for air drying of Stevia leaves at
40 °C for 12 h. For TFC, Tadhani et al. [6] reported 21.73 mg
GAE/g d.m., Ghanta et al. [5] 0.83 mg QE/mg d.m., Kim et al.
[27] 15.64 mg QE/g d.m. and Muanda et al. [13] 20.68 mg
catechin/g d.m. for drying at room temperature. In this work,
drying process at 30, 40 and 50 °C brought a significant
(p < 0.05) increase in TPC and TFC reaching the highest value
for both TPC and TFC in leaves dried at 40 °C. TPC almost
doubled its initial value with an increase of 91 %
(55.05 ± 2.27 mg GAE/100 g d.m.), while TFC increased by
57 % (138.97 ± 3.74 mg QE/100 g d.m.). This increase is
related to the formation of phenolic compounds usually asso-
ciated to availability of precursors of phenolic molecules aris-
ing from non-enzymatic inter-conversion between the pheno-
lic molecules [8]. Similarly, TPC increased from 9.6 mgGAE/
100 g d.m. in fresh sage to over 30.0 mg GAE/100 g d.m.
during air drying at room temperature, while TPC in thyme
changed from 20.0 to 112.0 mg GAE/100 g d.m. during sim-
ilar drying operation. Drying of Stevia leaves at temperatures
higher or equal to 60 °C caused on the contrary a slight de-
crease in TPC and TFC. Drying at 80 °C reduced TPC to
21.11 ± 1.02 mg GAE/100 g d.m. equivalent to 73 % of the
original value, while TFC is reduced to 71.87 ± 1.33 mg QE/
100 g d.m, equivalent to only 81 % of the initial value, which
meant that under the controlled air drying conditions drastic
losses of antioxidant compounds did not occur. On the con-
trary, low temperature drying below 50 °C would increase
TPC and TFC in the dried products. According to Mrad et
al. [9], a decrease in TPC during drying may be attributed to

Table 1 Physicochemical characteristics of Stevia leaves, fresh and dried at different temperatures

Component
(g/100 g d.m.)

Fresh Drying temperature (°C)

30 40 50 60 70 80

Moisture 328.17 ± 6.81 a 6.85 ± 0.08 b 4.21 ± 0.17 bc 2.91 ± 0.15 cd 2.35 ± 0.16 cd 2.13 ± 0.2 cd 1.23 ± 0.07 d

Lipid 1.79 ± 0.26 a 6.57 ± 0.58 b 5.62 ± 0.13 c 3.27 ± 0.03 d 3.25 ± 0.15 d 4.28 ± 0.22 e 4.18 ± 0.14 e

Total ash 11.86 ± 0.52 a 12.41 ± 0.23 b 9.80 ± 0.11 c 9.60 ± 0.04 c 11.93 ± 0.35 ad 12.34 ± 0.08 bd 13.64 ± 0.09 e

Protein 8.16 ± 0.18 a 8.03 ± 0.15 ab 6.62 ± 0.17 c 7.31 ± 0.05 d 7.80 ± 0.09 b 9.00 ± 0.10 e 9.79 ± 0.19 f

Crude fibre 13.17 ± 0.09 a 12.09 ± 0.22 b 12.71 ± 0.27 cd 12.51 ± 0.17 d 12.20 ± 0.07 cd 12.26 ± 0.05 c 12.32 ± 0.09 bd

Carbohydrates 79.01 ± 0.61 a 72.96 ± 0.53 b 77.92 ± 0.18 c 79.77 ± 0.04 d 77.06 ± 0.41 e 74.37 ± 0.06 f 72.42 ± 0.31 g

Water activity + 0.51 ± 0.01 a 0.15 ± 0.01 b 0.12 ± 0.01 c 0.11 ± 0.00 d 0.10 ± 0.01 e 0.07 ± 0.00 f 0.04 ± 0.01 g

Vitamin C * 130.32 ± 3.38 a 78.70 ± 1.25 b 74.14 ± 0.43 c 62.19 ± 1.21 d 60.90 ± 0.72 d 48.07 ± 1.57 e 50.11 ± 0.53 e

Different letters in the same row denote significant statistical difference (p < 0.05). + dimensionless, * mg/100 g d.m.
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Fig. 1 Effect of drying temperature on total phenolic and flavonoid
content of Stevia leaves. Identical lowercase letters above the bars
indicate no significant differences (p < 0.05) in TPC values. Identical
uppercase letters above the bars indicate no significant differences
(p < 0.05) in flavonoids values. TPC total phenolics, TFC total flavonoids
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the binding of polyphenols with other compounds such as
proteins, or to alterations in the chemical structure of polyphe-
nols that cannot be extracted nor determined by available
methods. In contrast to the results reported in this work,
Periche et al. [10] reported an increase in TPC and TFC of
dried Stevia leaves. During convective drying at 180 °C for
3 min TPC increased from 44.40 ± 1.04mgGAE/g d.m. in the
fresh Stevia leaves to 76.8 mg GAE/g d.m. in the dried leaves,
while TFC increased from 2.52 ± 0.24 to 45.1 mg catechin
equivalent/g d.m. Drying at 100 °C for 3 min showed on the
other hand a decrease in TPC to 31.5 mg GAE/g d.m., but an
increase in TFC to 17.2 mg catechin equivalent/g d.m. During
shade drying for 30 days at 20 °C TPC decreased slightly to
39.1 mg GAE/g d.m., while TFC increased to 20.3 mg cate-
chin equivalent/g d.m. A comparison with the results of this
study would indicate the concurrent effects of temperature and
drying time on the biochemical changes occurring during the
drying process.

Antioxidant Capacity Total antioxidant activity of plant and
fruit tissues are usually evaluated and expressed as Trolox
equivalent (TE), since the occurrence of different antioxidants

would require sophisticated measuring techniques to identify
and to evaluate individually all the antioxidant compounds. In
this study, the antioxidant capacity associated with phenolic
compounds in Stevia leaves was evaluated bymeans of DPPH
and ORAC assays. During the drying process compounds
having a varying degree of antioxidant activity are generated
and accumulated, and antagonistic or synergistic effects with
themselves or with the other constituents of samples could
also develop. These complex chemical interactions that influ-
ence functional properties of food are still under investigation.
The DPPH radical scavenging activity as affected by air dry-
ing process can be seen in Fig. 2. Fresh Stevia leaves had a
value of 3.29 ± 1.33 μmoles TE/100 g d.m. for DPPH and
222.59 ± 7.96 μmoles TE/100 g d.m. for ORAC assays. In
any of the dried Stevia leaves samples DPPH radical scaveng-
ing activity was not significantly different (p > 0.05), reaching
a mean value of 2.79 ± 0.02 μmoles TE/100 g d.m. in the
leaves dried at 80 °C. For ORAC assays, the highest value
for antioxidant activity was obtained in Stevia leaves dried at
40 °C, which coincided with the highest TPC, also showing a
correlation of antioxidant activity with TPC. A similar pattern
of behavior was observed for TFC and ORAC values. TFC
andORAC value are highest at 40 °C and lowest at 60 °C. The
amount of total phenolic and total flavonoid may be better
correlated to ORAC value than to the DPPH radical scaveng-
ing activity. In contrast to this study, an antioxidant activity of
52.92 ± 0.84 mg TE/g d.m., measured as DPPH radical scav-
enging activity of methanolic extract of fresh Stevia leaves,
was reported [12]. This antioxidant activity increased to 126
and 64.9 mg TE/g d.m. after drying for 3 min at 180 °C and
100 °C, respectively, which could mean that any synergistic
effect that could be developed is stronger at very high drying
temperatures than at temperatures below 80 °C. Therefore,
drying was found to have a positive effect on the antioxidant
activity of Stevia leaves, and dried Stevia leaves could be
considered an important source of bioactive components with
high antioxidant activity.

Phenolic Acid Content The phenolic acids can be distin-
guished either as derivatives of benzoic acid or as derivatives
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differences (p < 0.05) on ORAC values

Table 2 Phenolic compounds
(mg/100 g d.m.) in fresh and dried
Stevia leaves at different
temperatures

Drying temperature (°C) Chlorogenic acid Caffeic acid Trans-ferulic acid Rutin

Fresh 1204.44 ± 45.40a ND ± 0.00 68.34 ± 4.80a 29.75 ± 0.28a

30 °C 1274.16 ± 12.71a 139.80 ± 3.51a 262.49 ± 4.95b 140.69 ± 3.29bd

40 °C 1536.80 ± 49.39a 25.74 ± 2.73b 306.68 ± 16.06c 263.29 ± 12.68c

50 °C 1031.09 ± 8.48a 24.86 ± 0.71bc 346.70 ± 1.06d 173.16 ± 2.82d

60 °C 904.97 ± 69.51a 26.51 ± 3.96c d 245.17 ± 19.92b 117.26 ± 11.79b

70 °C 884.18 ± 12.49a 21.99 ± 0.70b 254.09 ± 5.19b 173.31 ± 3.66d

80 °C 1056.31 ± 22.17a 33.40 ± 5.45 d 189.20 ± 3.62e 122.64 ± 5.21b

Different letters in the same column denote significant statistical difference (p < 0.05). ND not detected
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of cinnamic acid. The hydroxycinnamic acids are more com-
mon than the hydroxybenzoic acids and consist chiefly of p-
coumaric, caffeic, ferulic and sinapic acids [28, 29]. The phe-
nolic acids present in Stevia leaves are shown in Table 2. They
were mainly the hydroxycinnamic acids: chlorogenic, caffeic
and trans-ferulic acids. Gallic, protocatechuic, syringic,
vanillic, p-coumaric, trans-sinapic, ellagic, salicylic, and
trans-cinnamic acids were not detected [28]. Chlorogenic acid
was found as the most abundant phenolic acid in the Stevia
leaves. Rutin or quercetin-3-O-rutinoside, reported by
Cacciola et al. [14] to be present in Stevia leaves, was also
detected. It can be seen in Table 2 that except for caffeic acid,
the concentration of the three detected phenolic compounds
increased during drying process, although concentration of
chlorogenic acid seemed unaffected by drying temperature.
However, in the case of chlorogenic acid and the flavonoid
rutin some tendency can be observed, with the highest con-
centration of the two compounds occurring in the product
dried at 40 °C, which may indicate a favorable drying condi-
tion for the Stevia leaves. The naturally occurring phenolic
compounds are antioxidants, which have been shown to have
potential health effects [28, 29]. Ferulic acid and rutin are also
known for their antibacterial activity. Chlorogenic acid,
caffeic and trans-ferulic acids are typical of the family of
esters formed between quinic acid and certain trans-
hydroxycinnamic acids and are commonly found in coffee
and leaves of many plants [28, 30].

Sweeteners Content The Stevia leaves investigated in this
study were characterized by very low amount of steviol gly-
cosides. In terms of percentage of dry matter (g/100 g d.m.),
the seven major steviol glycosides detected in fresh Stevia
leaves were stevioside with 3.44 %, steviolbioside (2.01 %),
rebaudioside A (1.16 %), rubusoside (0.53 %), dulcoside
(0.21 %), rebaudioside C (0.16 %), and rebaudioside B
(0.11 %). These values were close to those reported by
Lemus-Mondaca et al. [1] and Gardana et al. [31]. Total
steviol glycosides content in fresh and dried Stevia leaves
were found to vary between 7.62 and 21.42 g/100 g d.m.
[1]. Moreover, Shafii et al. [32] found in Stevia leaves extracts
stevioside (2 to 125 mg/g d.m.), rebaudioside A (2.5 to
164 mg/g d.m.) and rebaudioside C (1.5 to 125 mg/g d.m.).
Gardana et al. [31] reported per 100 g d.m. of Stevia leaves
5.8 g of stevioside, 1.8 g of rebaudioside A, 1.3 g of
rebaudioside C and 0.7 g of dulcoside A. Woelwer-Rieck
et al. [33] reported for dried Stevia leaves obtained from cul-
tivation under different soil conditions, fertile sandy loam and
light loamy soil varying concentration of stevioside (79 ± 2.9
and 77.8 ± 6.1 mg/g d.m.) and rebaudioside A (49.3 ± 4.4 and
42.8 ± 2.9 mg/g d.m.). In this work the values obtained for
stevioside varied from 34.4 to 123.6 mg/g d.m. and
rebaudioside A varied from 11.6 to 40.5 mg/g d.m., which
may be considered of the same order of magnitude.
However, it may also be a clear evidence of agronomical fac-
tors affecting sweeteners content in the leaves, which would

Table 3 Content of steviol glycosides (g/100 g d.m.) in Stevia leaves, fresh and dried at different temperatures

T(°C) Rebaudioside A Rubusoside Dulcoside Steviolbioside Stevioside Rebaudioside C Rebaudioside B

Fresh 1.16 ± 0.05a 0.53 ± 0.02a 0.21 ± 0.01a 2.01 ± 0.08a 3.44 ± 0.14a 0.16 ± 0.00a 0.11 ± 0.00a

30 °C 3.74 ± 0.00b 1.71 ± 0.00b 1.55 ± 0.23b 0.37 ± 0.08b 12.13 ± 0.23b 0.53 ± 0.00b 1.39 ± 0.15b

40 °C 5.05 ± 0.07c 1.62 ± 0.07bc 1.04 ± 0.00c 0.31 ± 0.00bc 9.48 ± 0.00c 0.63 ± 0.00c 0.63 ± 0.00c

50 °C 3.96 ± 0.07d 1.65 ± 0.00bc 0.93 ± 0.00cd 0.21 ± 0.00bc 11.42 ± 0.00d 0.51 ± 0.00b 0.62 ± 0.00c

60 °C 3.99 ± 0.00d 1.43 ± 0.14de 0.72 ± 0.00d 0.31 ± 0.00bc 9.72 ± 0.72c 0.56 ± 0.07bc 0.46 ± 0.07d

70 °C 2.66 ± 0.00e 1.53 ± 0.00cd 0.92 ± 0.14cd 0.20 ± 0.00c 12.36 ± 0.29b 0.31 ± 0.00d 0.51 ± 0.00cd

80 °C 4.05 ± 0.00d 1.32 ± 0.00e 0.40 ± 0.00a 0.20 ± 0.00c 7.29 ± 0.14e 0.81 ± 0.00e 0.20 ± 0.00a

Different letters in the same column denote significant statistical difference (p < 0.05)

Table 4 Minerals content (mg/100 g d.m.) in Stevia leaves, fresh and dried at different temperatures

T(°C) Na K Ca Mg Cu Fe Mn Zn

Fresh 926.08 ± 64.62a 3729.66 ± 103.07a 1745.10 ± 6.92a 867.79 ± 4.98a 1.26 ± 0.03a 14.94 ± 0.23a 9.16 ± 0.15a 3.18 ± 0.25a

30 °C 178.10 ± 46.79b 4248.61 ± 356.11b 1769.36 ± 148.26a 877.57 ± 52.08ab 0.94 ± 0.06b 27.06 ± 16.72a 8.26 ± 0.63b 3.11 ± 0.54ab

40 °C 156.70 ± 24.73b 4687.19 ± 135.99c 2014.70 ± 24.49b 860.09 ± 12.57a 0.76 ± 0.03c 21.69 ± 0.57a 8.74 ± 0.26ac 5.13 ± 0.34c

50 °C 30.78 ± 20.30c 4755.82 ± 164.13c 1957.71 ± 25.61b 911.17 ± 25.01bc 0.69 ± 0.04c 20.59 ± 1.40a 8.33 ± 0.45bc 2.84 ± 0.09ab

60 °C 67.50 ± 13.15c 5649.39 ± 276.80d 1634.13 ± 54.29c 1013.30 ± 18.24d 1.00 ± 0.04b 21.76 ± 1.08 a 10.44 ± 0.32d 2.75 ± 0.07b

70 °C 72.90 ± 7.22c 5364.95 ± 243.47e 1537.40 ± 27.34d 930.65 ± 52.54c 1.27 ± 0.02a 99.80 ± 50.03b 11.44 ± 0.15e 4.41 ± 0.44d

80 °C 200.00 ± 16.31b 5805.87 ± 167.76d 1388.37 ± 15.17e 884.57 ± 13.60ab 0.92 ± 0.16b 22.07 ± 3.05 a 9.05 ± 0.44a 2.86 ± 0.13ab

Different letters in the same column indicate that the values are significantly different (p < 0.05)
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definitely need further investigation. In Table 3 the contents of
steviol glycosides examined and quantified in this study for
each drying temperature can be seen. In all dried Stevia leaves,
the predominating steviol glycoside was stevioside. It is worth
mentioning that rebaudiosides A and C, very often used to
quantify sweeteners potential, were found only in relatively
small amounts in the analyzed Stevia leaves. The drying pro-
cess of Stevia leaves at temperatures from 30 to 80 °C brought
about a general increase in content of the detected steviol
glycosides, except for steviolbioside that decreased to about
10 % of its original content at drying temperatures over 50 °C,
which may be considered as a decomposition due to heat
treatment. On the other hand, the increase in sweeteners con-
centration as a consequence of drying process has also been
reported by other authors using freeze drying and shade dry-
ing [10]. Therefore, it may be probable that the Stevia leaves
contain precursors of the steviol glycosides that chemically
react during heating to form the corresponding sweeteners.
For most of the sweeteners, a positive increase is observed
especially at drying temperatures up to 50 °C, which is an
air temperature that usually occurs in the natural habitat of
the Stevia plant.

Minerals Content Minerals, usually required only in very
small amounts in human diets, are vital for many metabolic
purposes in the human body and are thus called essential trace
elements. The main mineral elements sodium, magnesium,
phosphorus, sulphur, chlorine, potassium, and calcium are
classified as macronutrients, while the minor elements chro-
mium, manganese, iron, cobalt, copper, zinc, selenium, mo-
lybdenum and iodine are considered micronutrients. In Table
4 the content of eight essential minerals, i.e., sodium, potas-
sium, calcium, magnesium, copper, iron, manganese, and zinc
in Stevia leaves, fresh and dried at different temperatures,
are shown. Potassium, calcium, magnesium, and sodium
which are nutritionally important, were found in reason-
able amount in the analyzed samples of Stevia leaves.
The high concentration of these minerals would be very
beneficial to health. As reported by many authors potas-
sium predominates, followed by calcium and magnesium
or sodium [1]. The high content of potassium determined
in all studies is remarkable, and is once again confirmed
in this study. Potassium is essential as an activator for
enzymes involved in the synthesis of certain peptide bonds
[34]. Zinc and iron are found in foods of plant and animal origin
and were also present in the Stevia leaves. Zinc is known to be
essential for the function and structure of several enzymes, like
peptidase, transphosphorylase and others. It is also an essential
component of both DNA and RNA polymerase and is well-
known for its anti-viral, anti-bacterial, anti-fungal and anti-
cancer properties [35]. Iron is important for the biological func-
tion of oxygen transport to the body and consequently a lack of
this mineral in the diet leads to anaemia.Manganese and copper

were also determined in the Stevia leaves. Manganese has an
important function in the respiration and nitrogen metabolism,
while copper acts as co-enzyme of phenolase, laccase and
ascorbic acid oxidase [34]. Apart from sodium that showed a
significant decrease in the dried Stevia leaves samples, all the
other minerals found in the dried Stevia leaves were of same
order of magnitude as in the fresh leaves. The significant dif-
ferences in minerals content found between the fresh and dried
samples were most probably not an effect of the drying process,
but may be due rather to a heterogeneous distribution of the
minerals in the analyzed sample. It could also mean that the
minerals are not evenly distributed in the different plant tissues
of Stevia.

Conclusions

Biochemical changes occurred during drying process with
significant effect of air drying temperature and drying time,
so that the conditions of the drying process should always be
mentioned. The content of vitamin C in the dried Stevia leaves
decreased as drying temperature increased, although it
remained relatively high, which may be considered a valuable
asset in preparation for herbal tea mixtures or water-based
extracts. Drying process between 30 and 50 °C brought a
significant increase in TPC and TFC reaching the highest
value in both cases in leaves dried at 40 °C. Antioxidant ac-
tivity measured as ORAC also showed the highest value at
40 °C, indicating a probable favorable drying condition.
Chlorogenic acid, found as the most abundant phenolic acid
in Stevia leaves, was unaffected by drying temperatures.
Sweeteners content was found to increase especially at drying
temperature up to 50 °C, indicating the probable presence of
precursors that are transformed during the drying process.
Mineral content during drying between 30 and 80 °C did not
show a clear tendency to increase or decrease, probably due to
uneven distribution in the Stevia plant tissues.
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